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TIDES AND CURRENTS IN SOUTHEAST ALASKA 

INTRODUCTION 

Tidal and current observations have been niiidc tit, different sta- 
tions along the inany nari  tihle wtiterwiys of southeast Alaska, that 
narrow strip of set1 island antl c*otistland bordering British Coluin- 
biu, from nixon Entrance on the south to (flticiet. I h y  tint1 Lynn 
Canal 300 miles to tlw north. The earliest title observations on 
recorcl for Alaska werv taken at Sitka in 1827, from which time 
until the present dtig niinieroiih other observations have siipplied a 
comprehensive knowletlge of tidal action througlioiit this urea. I n  
connection with Iiytlrographit* +iirytys sonit' few ciirrrnt obscrvtitions 
had been niatle prior to 1PY5. Ihiring this yetir the firkt sgstmntic 
c*iirrcnt survey was intide. consisting of a ret*onniiisstincr of the 
ciirrent action throi~yh a11 the more iniportant wtittwvtilps of sorith- 
east Alaska. 

l'itld observtitionh W I Y ~  first ncw1t.d for the estahlkliiiieiit of a 
plane of reftwnw to which mintlings might be retliiwtl, fh i i s  per- 
mitting all Coast i in t l  t;cotletic Siirvey charts of Foiithwist Alaska 
to show dtyth# of water tlefinitrlg relatetl to otic ~ " i t i i o n  datum 
planc. Aside froin tlit~ir IIPC i n  t h  tlrriration of this tltitiini plane, 
tidcs and tit la1 phenonienci wtw' (*onhi(lertd of littlt. iiiiportiince in 
the curly years. With the atIvancing p i r s  the ii~rthotls of observing 
wwe improved by the iitlvcnt of tlie tiiitoniiitic tide gtiiige in 1854, 
rind the adoption of stan(1artl tinie belts ahorit 1885. Th tw improve- 
ments rnittle easier the tlerivntion of certnin tirid constants from the 
observations, by means of wliit4i fittiwe times tind heights of tides 
could tw predicted for the tide ttibles. The large i ' a n p  of title, and 
the strontr cwri.ents chwracteristic of soiitlieast Alaska are niost im- 
portant Factors to be consiclerctl in sliip navigation, ant1 in tlie 
construction antl maintensnce of tlovks. wharfs ant1 fish traps. 

The purpose of this publication, the first to deal with ,Uaskan 
waters, is to make awiiltlble the ticla1 and current data collected 
by, and in the files of the Coast ant1 Geodetic Survey for the use 
of the scientist, the engiiieer. t lw iriariner, antl the l)iiblic gener- 
allv. 

'hiis volmiic cwn*titiite+ the fonrtli of a series of similar publica- 
tions dealing witli tidtil ant1 current observations niatlt> through the 
more important wnttvways of the United States ant1 its territories, 
The first voliiine of this series was " Tides and Currents in Xew 
York Harbor," S )ec.ial Piiblication So. 111; tlie secwntl wis " Titles 
and Currents in ban PrtLnciscw Thy," Special Publication So .  115 ; 
and the third was " 'Fides and Currents in 1)elawsre 13ay," Special 
Publication No. 123. I n  the first volnnie of this series two chapters 
are devoted to 11 tlimirsion of tlir general features of tides and 
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2 U. S. COAST A S D  GEODETIC SURVEY 

currents. These chapters are reprinted in this volume as an I L ~ .  
pendix. 

Attention is also died to two other Coast and Geodetic Survey 
pi~blictitions relating to ,il;iska, namely. " Tide Tables, Pacific 
Coast." and " Current Tables, Pacific Coast.'' These volumes are 
issued annually i n  advance of the year for which their tables are 
computetl. Anothei* publication of particular interest to the engi- 
neer, dcnlinp with the tidal bench marks of  Alaska, will be avail- 
ahlr to the piiblic. a t  a laker clate. 



Part 1.-TIDES IN SOUTHEAST ALASKA 

By It. W. WOODWORTH, Lieutenwit ( j .  g.), United States Coast and Geodetio 
Surveu 

T H E  WATERWAYS OF SOUTHEAST ALASKA 

I.  GENERAL CHARACTERISTICS 

Southeastern Alaska, embracing a land and water area of approxi- 
mately 35,000 square n d r s  with its intercommunicatino system of 
waterways and n ~ m e r o ~ i s  islands, forms the northern Enk in that 
great chain of protecfeci waterways popularly known as the Inside 
Passage, which stretches 800 sea miles along the Pacific coast of 
North America from Piiget Sound to the Gulf of Alaska. 

Five deep-water entriinws, four large and one sinall, give ingress 
to the open-orem tides. The largest and most southerly of these 
passageways from the sea js Dixon Entrance, 30 miles in average 
width, throiiph which the title flows into Clarence Strait and the 
various sniall p:issages m c l  c n n ~ l s  contiguoiis to Revillagigedo Chan- 
nel. A hundred miles to  the north are the adjoining large passage- 
ways of Sumner and Chatham Straits. The former and southerly 
of these two carries the inroniing o )en-oceiin titld flow in a northerly 
direction to Point 13arrie, where keku Strait diverts a sinall part, 
while the main flow continues eastward to Zarembo I&ntl, where it 
divitlrs to follow thl.rr p:isss”grs-soiith through Snow Passage to 
Clarence Strait, north into Wrangell Narrows, and eastinmi toward 
Wrangcll. Cl~athnm Strait cbntrsnce opens a wide and unobstructed 
passagcl r i inn in~ almost due north to  the head of Lynn Canal, 200 
miles distant. Past Kuiu Islmtl the main incoming tidal flow splits, 
part nioving eastward 11 1 Fretlericlc Soiml to Stcplicns Passagr, and 

i n g  J I R S S ~ ~ P S  enter Cliatliam Strait from the sea; one, the narrow 
waterway of I’cbril Strait, which sepwates Baranof and Chichagof 
Tslmds, the other the large clcep-water passage throng11 Icy Strait 
and Cross Soiintl. Several extremely narrow, though navigable 
passages, serve as liigli\wys between the main materways hereto- 
fore mentionetl. 1 he niorc important of these :ire : Snow Passage, 
which connwts Siinmer and Clarence Straits ; Wrangell Narrows, 
cr~iinecting Siininer Strait and Frederick Sound ; and Sergius Nar- 
rows, n part of Peril Strait. I n  all these narrows the tidal action 
is niaterinily affected by the sudden cionstriction of the large volumes 
of water forced through them by the pressure of tlic tidal flow- 
coming in froin the large water bodies which they connect. 

Many differing tidal characteristics may be expected through the 
passages of sontheast Alaska, with its different types of waterways 
and varying local conditions which exert influences on the action of 

part vontiuuing north t I irongli Chatham Strait. TTVO more divert- 

,, 
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4 U. S. COAST A N D  GEODETIC SURVEY 

the tides. The characteristics found in a long arm of the sea, open 
a t  either end as is Peril Strait, will differ from those found in an 
inlet open a t  one end on1 as is Lynn Canal. Islands and shoals 

tors disturbing the normal times and heights of tides. Fresh water 
discharging into the heads of bays and inlets exerts marked influences 
on the local tides, these influences proportionate to the quantity of 
discharge and the size of the tidal waters into which it empties. 
Small streams are numerous throughout southeast Alaska, but only 
three rivers of anp magnitude are found, these being the Unuk 
flowing into Behm Canal, the Stikine into Sumner and Stikine 
Straits, and the Taku River into Taku Inlet. Even these do not dis- 
charge any great volumes of water except during the spring flood 
season. They do. however. tlischargc qiinntitics of mutl ant1 silt wit11 
which their waters are laden, this being deposited as the swift river 
current is halted by the sea. The consequent filling in and shoaling 
of thc salt-water channels off the river mouths is another factor, 
though an exceedingly slow one, in bringing-about changes in the 
tidal action of the waterways affected. A striking example is the 
slow encroachment of the Stikine River Delta as it gradually builds 
out from the river mouth to fill in the once deepwater passage 
:id joining W range1l.l 

Eastern T’mage, separating Wrangell Island from the mainland, 
has had its 2-mile-wide entrance blocked over one-half its width by 
the advancing mud delta of the Stikine River. Unless the tidal 
currents through this passage am sufficiently strong to scour out 
the remaining channel, a t  some future year Eastern Passage will be 
sealed at its northern end, converting it into an inlet fed only by the 
tidal flow from Clarence Strait on the south. This will mean a 
change in the tidal flow immediately to the north, inasmuch as the 
volume of water once carried into Eastern Passage must be diverted 
to some other waterway near by. 

Undoubtedly the far-reaching ice fields of the Glacier Bay re ion 

vicinity. Unfortunately the commercial iinimportnnce of this area 
has not permitted the establishment of tidal stations from which to  
study the tidal action of the waters adjoining this glacier. 

I n  the sections which follow the tides are discussed in detail for 
the main ship channels; for the principal ports of Ketchikan, 
Wrangell, Petersburg, Juneau, and Skagway on the inner passages, 
and Sitka on the outer coast; also for niimeroiis minor waterways. 
These ports, with the addition of Craig, have been or are‘ at present 
tidal stations of fairly long duration, allowing their tidal values to 
be used as standards with which to compare and correct those values 
obtained for the many short-period stations. 

Of these stations, Ketchiltan, at which the longest sesies of tidal 
observations in southeast, Alaska has been recorded, will be con- 
sidered the principal station for thnt area, and as such its various 
tidal characteristics will be treated separately and in greater detail 
than those of any other station. 

blocking the tidal flow an d converging channel shores are other fac- 

contribute definite disturbing effects upon the tide of the imme f iate 

-- - 
See Fig. 1. 
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THE TIDES AT KETCHIKAN 

2. INTRODUCTORY STATEMENTS 

Of the tidal observations made in southeast Alaska the longest un- 
broken series has been recorded a t  lietchikan. Short series had been 
made at this port during several years between 1906 and October 12, 
1918, a t  which date observations were started and are still running as 
R continuous record of the tides for Ketchiknn. 

The tidal record is obtained graphically in the form of a curve 
drawn to  a 1:24 scale by a large-type Coast and Geodetic Surve 
automatic tide gauge. The  heights, as shown by the paper r e c o i l  
are referred to a fixed zero of elevnkion by means of comparative 
readings on a fixed title staff at daily i n t e r d s .  The zero of this staff 
is connected to a number of permanent bcm>h marl<\ try iiieilns of 
lerels run between them. These bench marlis tire so macle and placed 
that there will be the least danger possible of a change in their eleva- 
tions, thus :Illowing a fixed datnrn to be maint:~ined on the staff by 
means of the periodic checking of its elewtion by lines of levels  IT^ 
Prom these permanent bench marks. I n  the tables and discussion 
which follow the heights of high and low waters:, the mean sea level, 
and the mean tide level are rrpresentetl in feet :iluow the zero of R 
fixed staff. 

Ketchikan has been frequently iisetl as a stantlaid station with 
which to compare the shorter and thcwfore less well-determined 
series of observations niade a t  other stations in southeast Alaska. 

TABLE 1.-High and low wcctera, l ic tchi l ;n/ , ,  .I lm~kn, June,, 7!)19 
-_____. 

i Moon's 
I transit, 

Date I mrridinn 
of Grren. I -w i rh  

( 6 . 5 )  
1% !) 

10. 6 

1 20. 3 
9.. ~1 (H. 7) 

10. .-! (9.4) 
~ 21.8 

21. 1 

11 ...I (10.2) 
' 22.0 

12 ... (11.0) 
i 23.4 

13 ...~ (11.8) 

Timr of- 

IIigh 
wntrr 

HOWR 
1.9 

14. 9 
2. H 

15. 9 
3. 7 

16. 6 
4.6 

17. 5 
5. 6 

18. 3 

IO, 5 

20. 5 
9. 1 

21. 2 
10.3 
21. 9 

23. 6 

11.7  
23. 2 
12. 4 
23. 7 
12.9 

. 4  
13. 5 
.9 

14. 1 

6. n 
R. 0 

11.0 

Hour8 

20.6 

21. 5 
10. 3 
22. 6 
10. 9 
23. 7 
11. 8 

8. 6 

9. a 

I .  0 
12. 9 
2. 2 

13. 8 
3 . 0  

14. 7 
3. 7 

15. 8 
4. 6 

16. 6 

5. 2 
17. 2 
5 . 9  

17. 7 
6.4 

18.4 
7. 0 

18.9 
7. 0 

19. 6 

Duration of- 

6. 6 
5. 0 
8 . 6  ____.._ 

__ .. 
Fall 

Haiirn 
R. 7 
5. i 
6. 6 
5. 6 
6. 6 
6. 0 
6. 3 
6. 2 
6. 2 

5. 8 

5. 8 
6. 6 

0. 7 
6. 1 
6. 5 
6. 6 
e. 1 u. 4 
6.0  

6. 5 
6. 0 
6. 5 
6. 0 
ti. 5 

6.0 
6.  5 
6. 0 
6. 5 

6. 7 

6.7 

6. 5 
6. 6 
6. 5 
5. 5 
0. 7 

8. I 

5. 8 

5. 6 

6. 6 
5. <5 
fl. 7 
5, 3 
0. 7 
5. 5 
8. 6 
5. 4 
6. 7 
5. 5 

High 
water 

f~OI0lLlR 
11.9 

(12.4) 
11.9 

(12.5) 
11.8 

(12. 3) 
11.9 

(12.4) 
12. 2 

(12.5) 

12. 6 
(18.0) 

13.  1 
(la. 2) 
13. 5 

(12.8) 
14.0 

(13. 2 )  
13.9 

(13. 2) 

13.9 

13. 8 

13. 5 

(la. 0) 

(12. 7) 

(1 2. 6) 

(12.2) 

...... 

13. 2 

13. 0 

IIiph Low 
anler water 
- 

Feet i Feet 
23. 6 ' 2. 8 
21. 7 8. .5 
22.7 , 3 .9  
20.9 ~ 8. (1 
21.0 , 4.9 
20. 2 ~ $4. 2 
10. 0 ' 8 . 3  
19. H ~ 9. 7 
18.5 7 . 8  
10.2 ..... - -  

17. 4 9. 3 
18. 8 8.6 
16. 8 8. 4 
19. 2 ' 9.4 
16. 9 , 7. U 
19. n ' 9 .0  
17. 5 7 . 3  
20. 5 10. 2 
18. 2 ' 6. 7 
20.9 IO. 0 

1R. 7 5. 9 

19. 3 ~ 5. 3 
21. 7 I 9. 5 

_..___. 9.4 

20. 0 9. 1 
21. 9 I 4. 5 
20.2 I 9.1 

21. 1 I 9. 7 

19. 9 1 R. I 

22. 0 I 4. 7 

Hsnpr 

I( i se 
-_ - 
Feet 
. . . . . . . 

1R. 9 
14. 2 
17. 0 
12. 2 
15.3 
10.4 
13. 5 
8. 8 

11. 4 

8. 1 
I O .  2 
8. 4 
9. x 
9. 0 
9. 9 

10. 2 
10. 3 
11.5 
10. 9 

12. R 
11.5  
14. 0 
12. 2 
14. 8 

12. e 
15. 3 
12. R 
15. 7 

-. - -. . . 

Fa11 

Feet 
20. 7 
13. 2 
18.6 
12. 1 
IO. 1 
11.0 
13.3 
10. 1 
10. 7 

9.9  
8. 8 

IO. 4 
7.4 

11. a 
7. 0 

12. 5 
7. 3 

13.8 

16.0 
9, 0 

IR. 9 
9. 8 

10. 6 
10. 5 
17. 3 
IO. 9 
17. 4 
11.1 

8. 2 



- -- 
Range 

. -_ __- 
1,unitidnl 
intervals 

- 

nRk? 

J unr I(; 

17.. 

18. 

19.. 

20. 

21 .. 

22. 

23. 

24 

2s. 

26. 

2i. 

2U. 

29. 

:iK 

__ 
Moon’s 
transit , 

meridian 
of Qreen- 

wich 

tiiff hoight of- 

RlN? 

Ilwurs 
5. H 
(i. 1 

& 4  
(i. 0 
6. 6 
6 ,  9 
fi. 4 
ti. 1 
7. 4 

5. !I 
6. H 
1; I 
l i .  !I 

(i. 6 
fi. 3 
(i. 4 
6. 4 
ti. 0 

6. 5 

6. 6 

6. 2 
6 5  
li. I 
6. 4 

6. 3 

A. n 

6. n 

6. n 
. . . .  

6. I 

(67)  
3.58.6 
6. 29 

Frill 

_- 
L O W  
v r;tcr 

Purl- 
4. , 
9. 
4. , 
9. I 
5, :i 
I). 3 
6. !I 
9. 7 

___ 
IAJW 

water 

- ___ 

11 I SP 

P< P I  
IS. 6 
1.5. 5 
12. 1 
13. 2 
I I .  
1 1. , 
10. x 
13 .i 

._ - -- 
l i ieh 
wuter 

Feel- 
21. , 
21. I 
19. II 

20. 0 
a,. 1 

l Y .  2 
:XI. ? 

I X .  
m ,  

2n.2 

zn. s 

m. 4 

Hoirra 
1.9 

(14.3) 
2. 7 

(15. 1) 
3. 5 

(15. 9) 
4. a 

(la. 7) 
5 1  

(17. 6) 

5. 9 
(in. 3) 

6. H 
(19. 2) 

7.  6 
(20.1) 

R. 6 
(21. 1) 
0. 6 

(22.1) 

in. 6 
(23. 1 ) 

(0.2) 
12. 7 
(1.1) 
la. 6 
(2.1) 
14. 6 

11.7 
........ 

Hour8 
I. n 

14. 7 
2. 2 

1*5. 2 

Hnirrs 
7. 1 
6. 6 
ti ti 
5. 8 
6. 3 
A. 0 
fi. 4 
6. 1 
5.4 
6. 3 

s. !I 

6. 0 
5. 4 
6. 7 
5. 8 
6 6  

...... 

Ilnll lx 
6. 7 

(5.9) 
0. 1 

fr, u\ 

11. 2 
16. 4 
IO. s 
10. I 

13. 2 

1.5. 2 

io. i 
12. n 
11.0 

10. 0 

12. 1 
9. 1 

13. $1 
x. 5 

1 A. 0 
8. x 

18.0 

..... 

in. 2 

XI. 1 
1 I .  !I 
21. i 
13, .& 
22. I 
1 4 ,  .i 
21. h 
14. x 
20.4 
1 1. A 

(58) 
766.2 
13.21 

3 .0  .... 
I b . 9 i  21.9 
3. u in. 2 

4. R , 10. 2 
10. 6 ’ 22.7 

17. 6 ’ Zi. !I 

(11.9) 5 . 8  
12. 4 (6. 0 )  

12.3 (6.0) 
(12.1) ~ 5 . 1  
12.5 (6.4) 

(11.9) n.9 

(12. :3) 5. X 

i. 2 !I. 5 
9. 2 , 13. 0 

x I ;  !I. 4 
..... 12.1  

X. li 9. W 
!l.:i 1 1 . 0  
7 , : i  10.9 

:I. , 12. 8 

! l , t i  13.0 

! I 7  12.2 _ -  

.5,h 1 1 . 7  
1 U . R  ...... 

7 .  2 
l!I. *:I 

.~ 
12.6’ ..... 

(12.9) , ( f i x )  
12. 7 R. x 

(I;{. n) (7. o) 
I d .  0 6. 4 

(.la. 4) (7. 1 )  
5, i , 13.0 6. R 
A. .5 ~ (13. 4) (i. 0 )  
5. 9 12. x I 6. H , 

I 

in. 4 
31.2 
I N .  2 
21.7 
18. 4 
52. f i  
19. 5 1. t i  11. !I 
2 3 . c ’  ! I .Y  11.:i 

1 1  
12. fi 
2. 2 

1 4 . 0  
:i. 2 

1s. 2 
4.  1 

Iti. 4 

5. 0 
17 :i 

5. !I 
IU. 0 

ti. 7 
In. !I 
7. 5 

x. 2 

9. 5 
21. A 
10. R 
22. 4 

11 .5  
23. 3 
12. n 

. ?  
13. ? 

20. t i  

...... ,.!I ~. 5 . 5  .. 6 . 3  .... 
6 .5  I % R  1 Cli.5) ~ L ‘ i . 4  j.3 I 6 5  
5 . 7  (1a.p) ~ 6 . 2  21.9 , . t  1 0 . 6 ’  

12. .1 (6.4) 24. I ;.:i 16.7 
(12. H) 1 ti. n 52. ( I  ,. 2 
12. ; (6. 2 )  23. 2 2. 

(12. .>) ~ 5.9 21. 0 7 . 9  

1.0 
1:3. (4 10. 6 

1. 7 1 u :{ 
14. li 3 1  4 

li. 5 
5.  7 
6. fi 
5. x 

(58) 
3s5. H 
6. 14 
..... 
...... 

I!). 7 
Ili .  (1 , 
l!l. I 

Sum ....................... 
Menn ................... 
(’orrectinn to  intcrwils . 
(‘orrected intorvnls ........ 

3. THE LUNITIDAL INTERVALS 

The high ant1 low watws  a t  any given station do not o ( * c ~ ~ r  at the 
sniiie time as the nioon7s meritlitin pisstige over that  p l t ~ c ~ .  but ten(l 
to lag by a fair1.v constantj interval. This difference be twwi  tlie tiinc 
of the nioon’s tr:irihit nn(l the swweding high or low water is known 
as the liinitidal int<*rvd. This  interval is liable to slight variance 
vausetl by tho c h n g i n g  Imsitions of tlir nioon ant1 siin tind tlir 
consrcpnt c1i:ingt.b in the intensity of their t i ( l e - l ~ r o ( l ~ i ( ~ i i i ~ ~  forces. 
Other variationh arc nlso introduced by tlie changing condition of 
winci ant1 weather aff‘wting the tidal flow. 

Eliniinating the latter c4’ec.ts 11s inii(.1i as posssi1)le 1)y tcilring tlw 
Junititlal intervals for a siininier nionth. ,June, 19L!), whtw meteoro- 
logical contlitions tire riost, ricarly consttint, ‘Cab143 1. ~ ~ o 1 1 i n i n ~  7 and S,  
show variations of 2.2 hours in the high-water liinititlnl intervals 
from day to  day ant1 2.4 hours between tlie low-watw intervals. 
1 hesc: variations in . a  single month are broilght al)out tint1 are de- 
pendent upon the diffeiwt phases of the noon ns esplaint.(l in the  
-4ppendix. On J I I I I V  5 ,  ant1 a p i n  on June 19, a t  w l i i d i  times the 
1lloon js directly owr  tlir Eqtiator. there is but little variation in the 

t 
r ?  
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times of tbe high or the low water intervals for the day. On June 
12 and 26, when the moon i s  tit its maximum north and south declina- 
tion, respectively, the intervals exhibit the largest variations for the 
month. Thus  we may tissiiirie that for a month stable as to conditions 
of wind and weather, the greatest daily variance in the times of high 
and low waters will occur with the moon a t  its maximum declina- 
tions, the least variances when the moon is crossing the Equator. 

The true lunitidal interval would be the difference between the 
mean local time of the moon’s transit and the mean local time of the 
succeeding high or low water. However, inasmuch as standard time 
is in conrmon usage, and the moon’s transits are given for the Green- 
wich meritlian in  astronoiiric tables, as rt matter of convenience in 
coniputation a litnitidd interval is tlerivetl for the standard time of 
the tide and the moon’s transit ovei. (+reenwich. The interval valiic 
obtained is corrected to tlie true liinitidal interval by the application 
of a correction factor that is constant for any given longit~ide.~ This 
correction of Ketchikan eqiials ( -0.08 hour). 

‘I‘ AHLN: 2.-1;ii n i t idu 1 irr t w w i  18, 

i I -  
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The mean monthly liinitidal intervals listed in Table 'L bring out 
the fact that both intervals are subject to periodic variations of ap- 

I~rom this table it is seen that 
lo th  high and low water intervals exhibit "highs" during the spring 
and fa11 months, and " lows ? ?  during the summer and winter months. 

The LTVI differs materially in the range of annual variations ex- 
hibited, the monthly values of LWT tending to remain inwe nearly 
constant. The HKI, ws illuytrated graphically by the curve of figure 
8, more yronouncedly exhibits the variational periods. From the 
greater HWI in March tliere is :I fairly steady lessening to the 
smaller interval in July, then the intcrval gradually increases to its 
masimiini yearly yilue in September, from which it again decreases 
steadily to a minimum yearly value in Xovernber. 

The periodic change in the liinitidal intervals at Ketchikan is 
also exhibited by the range of the title tit the saiiir station. Figure 
3, showing both the range and the HITI curves for 1919, illustrates 
  no st clearly the relationship of interval to range. The marked simi- 

roximately six months' duration. 

l<'irJ. .?.-Rdation of high wstvr 1ntwv:il t o  iiic~iii rnnpc, I\'rtchik~n 

Iarity of these curves, in which an increase or decrease in range is 
followed by a corresponding chan e in the HWI, illustrates most 
concrusively the fact that at Ketc a ikan the variation in the time 
intervals is largely dependent upon the variations in the mean range 
of the tide. 

It does not follow from the preceding discussion that the mean 
range and time intervals are so related a t  all stations in southeast 
Alaska. Conditions prevailing elsewhere might cause some other 
factor to be the controlling element in the variation of the lunitidal 
intervals. To serve as an illudration of this last statement refer- 
ence is made to the preceding rolume of this series dealing with the 
tides in Delawiire Bay. I n  this the tides under disc~~ssion are of the 
river type, and the varitttions in the liinitidal intervals arch foiind to 
be contingent upon the height of river level. 

4. T H E  DURATION OF RISE AND FALL 

A s  signified by the iimie. tlic duration of rise is the time (luring 
lvliich the tide is rising, or the time ela sing between a low water 
and the next succeeding high water. Tiis value may be obtained 
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by suLtrac~ting the time of :L  OW water froni tlie time of its succeed- 
ing high water. The duration of fall is similarly obtained by siib- 
tracting the time of a high water from thr time of its succeeding 
low water. 

Hoirever.. the method in coninion i i s a p  i. to  derive the duration 
of rise and fall from the lunitidal intervals. In this way the dura- 
tion of ri\c is o1)tained by subtracting tlre LWI from HWI. Then, 
taking the t1iffcrenc.e in the times of siiwessiw high or lorn7 waters to 
c y i i a l  tlrr mwi)  1 itlal c.yc*le of 12.+2 hoiii’s, the  tliiriition of fall is ob- 
tainctl by siihtracting the tlirration ~f rise alrracly derived from 12.42, 
this figiire wpresenting the aveixge tiirie elapsing hetween the upper 
and lower transit of the moon. 

.\ comparison of daily v:diIe’s of the duration of rise and fall as 
given in columns 5 a n d  6 of Table 1, with similar values obtainable 
from the lnniticlal intervals of columns 7 and 8 will show a lack of 
agreement betmen the values as obtained by the two different 
mc~thorls. While the daily values may differ, dependent upon their 
derivation. the mean monthly values will agree almost exactly in 
all cases. 9iirnming the mean monthly values of duration of rise 
and fall for June, 1919, the niem value of 12.43 hoiirs obtained is 
h i t  0.01 I I O I I ~  different from the true mean value of the .tidal cycle 
of 12.42 hoiirs which mill he derived from tlie lunitidal intervals. 

TABLE 3.-Dwraticm of rise and f a l l ,  h- r7 t rLhb lcr r , r ,  l!lZ!l crnd 1022 

6.41 li.34 

............ fi.38 6 2x 
....... 

.June ....... . - - - . I  0.2k 6.33 
July .......... 1 A 24 fi.20 

- .  

1922 

Hoiira 
6. OF, 
6.  (17 
li. 11 
li 22 
R. 24 

ti. 12 

‘Fable 3 I i \ t \  the monthly and yetirly n1twis of the cluration of rise 
:ind the cliiration of Pall for two years of the tidal series at Ketchilian. 

The ~nonthly values of duration of rise are seen to differ as rnuch 
:is 0.28 Iioiu~,~, hut the annual vali i~s are very cwnsistcmt, the average 
means of the 2 years being acccptetl as standard values. The du- 
ration of rise equals 6.29 hours; the duration of fall equals 6.13 hours. 
‘I’liwt! valaes correspond exactly to similar values obtained from the 
lnni tidal inteiwds derived by the use of the 1920 harmonic constants. 

I n  Figlire 4 the annual variations in the duration of rise and in 
the duration of fall are illustrated grttphically. The curve for tlura- 
tion of rise is seen to resemble closely that for the HWI variation 
in Figure 3. As the duration of fall is the difference between a 
constant and the duration of rise, obviously the curve of the former 
must be complementtary to tlie curve of the duration of risc. 

5. MEAN SEA LEVEL 

The plane of iiiean sea level (MSL) iriay be defined as that plane 
about which the tide oscillates. It is the avcrage level of the sea 
or the surface the sea would asslime if undisturbed by the rise and 
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fall of the tide. The determination of this plane requires averaging 
the successive limrly heights of the tide, for a period of time 
dependent upon the degree of accuracy required. 

As a datum plane, mean sea level is of major iniportance for 
engineering and scientific purposes, being readily obtaixiable and 
universally understood. I n  its determination, as in the derivation 
of 1111 tidal values, a well-determined rnean value can only be obtained 
from a continuous 19-year series of observations. Even this 19-year 
constant is liable to changes brought about by subsequent natural or 
artificial alteration in the de Ahs and widths of the adjacent water- 
ways through river deposits, asedging, jetty construction, etc. 

For projects of minor importance a fairly satisfactory rnean sea- 
level value may be obtained from a weeks observations. Such a 
value is liable to those errors introduced by wind and w.catlier, or 
by the periodical clianges in the tide-prodncjng forces. The so-called 

I<’rcr. .(.---Dnriitlon of rise niid PnII, Ketclilksn 

long-period tides, canscd by those tidal forces having periods of 
ona-half month or more, introduce a vnriation in mean sea level, The 
daily variation in sea level is illustrated in Table 4 for a summer 
moat,h when meteorological conditions are most nearly stable. 

TABLE &-Dait?I 8(w level o n  stuff, Kctohikan, Julv, l D l Y  
. - 

DRY I Feet 
_ _ _ _ ’  I 

21.-. _ _ _  _ _ _  _ _ _  _ _ _  _____. 14.01 

24 ..___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (  13.82 

26 _ _ _ . _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ I  13.20 

22.. _ . _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ ]  13.93 
23 ... ____. ~ __._____._ _ _ _ _  13.93 

25 ___ .__ . ._____ .____ .____ I  13.44 

27 ..___ ~ ___.____________ * 19.43 

13.W 
30 . _ . . _ _ . . _ _ _ _ _ . . _ _ . _ _ _ . _ I  13.85 

23 .._______.__..___._____ 1 13.62 
2t) ...-..-.. _ _  _ _ _ _ _ _ _  ____.I  

hlt!#J> ..-... _.__ _ _ _  
~ - -. ..~. ~~ - 



I -- 

Yew 

1919---.--------*-- 
1820.-.. -_-_-. ~ _ - - -  
1921. - - - _ _ _ _ _ _ _ _  _ _  - 
1922-------------.. 
1923..-. _ - _ _  ~ _ _ _ _ -  ~ 

1924. ____________._ 

Mean ... _ _ _ _  
__ - _ ~ _ _  

________I__._ _______ 
- __- 

I 

14 58 14.34 14 07 13 97 14 02 14 03 13.118 13 93 14.25 14 50 14.67 14 64 14 240 
- I - I _ _ _ _ ~  i _-__ I !  1 ___ 1 1 - 1 .  1 - 1  I 
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An examination of the graphs of Figure 5 brings out quite clearly 
the annual variation in mean sea level. The curves for the indi- 
vidual years 1923 and 1924 follow closely the trend of the average 
curve of the mean values for the entire series. eriod of May 

ened sea level, which is not to be attributed to pressure or winds, but 
rather to the sudden and excessive influx of fresh water from the 
meltin snows. These months are notable for the rapid disappear- 

prevail in all the fresh-water streams along the coast. 
While the variations from month to month exhibit periodicity, it 

is not evident that the annual values of mean sea level are in them- 
selves subject to any definite periods of change. 

The 
and June as shown by the average curve is one of s r ightly height- 

ance o f the mountain snows and the consequent flood conditions that 

FIG. 6.--Anuunl vnriation in mean sea level, Kc~tchlkan 

It  is interesting to note the similarit between the average annual 
xilean sea-level curve for Ketchikan an if that for Seattle, Wash., div- 
in the same years as illustrated in Figure 6. 

%vidently the local conditions which affect the heights of sea level 
are much alike a t  these two stations, inasmuch as their variations 
run through the same periods with similar fluctuations in height. 
The range of the annual variation a t  Seattle is slightly less than the 
range at  Ketchikan. From July to December the height of sea l e d  
a t  the former station shows a slow increase, with a continued " low " 
in November that is not matched a t  Ketchikan. 

Following this relationship between the tidal characteristics of 
two so widely separated stations it might be expected that the other 
southeast Alaska stations would exhibit variations in sea level akin to 
those of Ketchikan. This is not a fact, however, for as shown in 
Figure 10 of this volume the curves of annual sea level are markedly 
dissimilar in many respects. 
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Yrnr 
I .. .... ~. 

1919 ........................................................................................... iw~... ........................................................................................ 
1921.. ......................................................................................... 
l(m.. .  ........................................................................................ 
1023 ............................................................................................ 
1924 _ _ _ _  ........................................................................ l. ............ 

IIdf-tido level, 6 yoars' mean ............................................................ 

6. THE PLANE OF HALF-TIDE LEVEL 

The plane of half-tide level, or as it is more often named, mean 
tide level (MTL), is that plane lying exactly halfway between the 
plane of mean high water and mean low mater. 

From the forewing definition the derivation of this tidal plane is 
made apparent. ?'he mean of the daily high and low waters, slimmed 
for a period of time dependent upon the accuracy required, will estab- 
lish a plane of half-tide level. 

This plane is a datum more easily obtained than is mean sea level, 
through the fewer daily observations necessary for its dctermination, 
as the tides need be recorded only at the high and low water stages. 
For this reason it is often used for practical purposes wlien the slight 

Feet 
___ 

14.30 

14.28 
14.09 
14.25 
14.19 

14.223 

14. za 

--- 

WIG. 6.---Annual variation in sea Icvel. I<etchikan and SeRttle 

difference between MSL and MTL need not be taken into account. 
For the &year series a t  Ketchikan this difference amounts to 0.017 
foot, as shown by the mean values of Tables 5 and 6. 

 TAB^ 6.-Hdf-tide level on. star, annual nwam, Iietcbilcnn, 1919-1924 
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The terms "niean sea level" and "half-tide level" are a t  times 
confusing, as many tissiime them to be synonymous. Such would 
be the c tw only if the rise of mean high water above mean sea level 
equaled the fall of mean low water below mean sea level. This 
i y  seldom true. At Ketcliikan the fall exceeds the rise, thereby (*aus- 
i n c r  the valiic of mean sea level to exceed that for half-tide level. 
'1'f;e annual variations of either will follow parallel curves, so the 
iiionthly tlitferences arc practically constant between the two datum 
planes. 

7. THE HIGH AND LOW WATER PLANES 

'rhe daily heights of both high and low waters vaiy with changing 
:istr*onotnic nntl storm conditions which give rise to the niiint~rous 
tidal planeh in use. Thesc :ire the planes of nie:tn high water 
n n t l  iiiean low water, spring high water and spring low water, 
neap high watcr and ncv~p low water, perigean high mater i m l  peri- 
g e m  low water, al)ogc:in high \niter :ind apog~an low water, higher 
4iigh water ant1 loiwr low water. lower high water and higher low 
water, tropic higher high water and tropic lower low water, tropic 
Jower high water and tropic higher low wtiter, anti that duc to the 
so-called stoimi tides. 

'Yo avoid any confusion or ambiguity in the use of these many 
planes of high t i l i d  low waters it is necessary to dcsitmtte prwiwlp 
the exact pltintb in question, as " mean high water " 0;'' inear1 higher 
Iiigh water," etc. 

The plane of mean lower low water (MIJAW) is of iiiajor import- 
ancB in A1:iska through its use as a tlaturii to which all charted 
soundings arc retluced, except through one sniall waterway. In 
Wrangell NU~I'OWR tho charted depths are referred to a datiim 3 
feet 'below iiiean lower low water. 

TABLE 'I.-Moistkly ?)wan high water @?& ytcafl,  Kc'tch2Jma, 1919-19Jj 

~. ~ 

Year 

1919 .............. 
1920.. ............ 
1921 .............. 
1922. ............. 
1 W 3 .  ............. 
1924 ............. 

Menn ...... 

- .- - 
I 

Yoar I 
I Fret 

1019 _.____ __.__ ___. ~ 8.72 
19 m...... ......... 7 6-4 
1921 ............... 7 &5 
1922-- _ _ _  .____ _ _ _ _ _ I  7: 68 
1023. - _ _ _  ____. .___- 
1024 _ . _ _ _ _ _ _ _ _ _ _ _ - - I  7.83 I S M  

Mean ........ i 7.97 

Fob Mar. 
__ 
Fret Feet 

, o f i  7 6 2  
7.83 7 33 
i s 1  7 6 3  

8. I 4  7 10 

R. 20 7 62 

7 31 7 a3 

7. 07 7. 37 I 

-_-_ -_I 

Fed Fed 1 Feet 
7. 78 7.81 1. 55 
7.19 7.41 7.70 
7.37 7. ae 7.06 
6.98 7.42 7. 13 
7.41 7.38 7.87 
7. 13 7.21 7. 22 

7.31 7.42 7 44 
__-- 

1 
- -  

............. -~ ........ -- .... ~ 

i ! l l  
July Aug. ! Bept. 1 Oct. Nov. 

7.23 I 7.21 ' 7. io 7 75 8.oa 
1 1 . 1  

Fret 
?(I. 88 

20. QB 
LO. x7 

20.76  
20. !P2 
20. x3 

'Lo. H7 
-. .- 
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The most easily determined planes are those of mean high water 
and mean low water, as they are obtained by averaging all the high 
or all the low waters over a period of time dependent upon the accu- 
racy required. As shown in columns 9 and 10 of Table 1 there is 
considerable daily fluctuation in the heights of both high and low 
waters. The monthly values of mean high water and of mean Iqw 
water likewise exhibit marked differences as shown in Tables 7 and 8. 
The annual means differ also but t o  a much lesser degree. Although 
several factors conspire in bringing about the aiinual variation in 
I)oth these planes, one factor alone is clearly the controlling influence. 
'I'liat the changing height of sea level from month to month has most 

0.3 

0.2 

0.4 

0.2 

0.3 

r 
- 
- 
- 
- 
- 
- 
- 
- 
- - 

Fro. 7.-Relatlon of hlgh and low water tb sea level, Ketchlkan 

to do with the variations in the monthly height of high and low water 
is graphically illustrated by the annual ciirves for the three planes 
shown in Fi re 7. 

" high " during midwinter and a " low " in July. A comparison of 
the curves will show that if the heights of the high and low waters 
for each month were referred to sea level f o r  that same month there 
would remain but very slight annual variations in either plane. 

With only 6 years' observations available i t  is not possible to illus- 
trate by graphs or figures the periodic change that occurs in the 
annual means of high and low waters in approximately 19 years. 

I n  genera ff" the three curves tend to parallel each other, with a 
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There is a change in the inclination of the lnnar orbit to the plane 
of the earth’s Equator which varies from 18.3” to 28.6O over an aver- 
age period of 18.6 years. The tidal forces emanating from the moon 
are less than the average at the time of maximum inclination, hence 
the rise of the tide is less than the average at such times. The oppo- 
site is true of times of minimum inclination. It is possible to correct 
the mean values of the high and low water planes as determined from 
a series of less than 19 years’ duration, so as to obtain values of these 
planes akin to that value which would be derived as the direct mean 
of the 19 years’ values. This correction for the longitude of the 
moon’s node is customarily applied to the ranges of the tide,3 but may 
also be applied to the heights of high and low waters when these are 
referred to mean sea level. 

TAULE 9.--Ycmr high wafer and meam low water referred to s tmdnrd 8t’a level, 
Ketchilcan, 191 9-1 924 

- - .- _-_- - __ - ~ 

Mean high water ahovo Uncor- Mean low water below I Uneor- Cor- 

i rected rected 
standard sea l erd  j rected I I&% 11 standaid scalcvel 

1919 .......................... 
1920 .......................... 
1921 .......................... 
1822. ......................... 
19% ......................... 
1924.. ........................ 

~ Fret 
............................ 

........................ _ _ _ /  6.81 
6.48 19 23 ...........................I 
6.46 / /  1924 .......................... - !  

6. w 
6. i o  

Feel 
6. 46 
6. 51 
6.44 
6.61 
6. 46 
6. 5 i  ___ 

Mean. ................. 1 6.63 1-R.liil Mean ................... i 6.66 I--:; 
I 

Table 9 contains the annual values, both corrected and uncorrected 
for mean high mater and mean low water as referred to the accepted 
mean sea level of 14.24 feet. As corrected, tho accepted value of the 
mean high-muter plane at  Ketchikan is 6.47 feet above mean s w  
level; tlie inem low-water plane is 6.51 feet below mean sea level. 
These values :ire iisetl :is standard for all purposes of this volunic. 

It is sonwtiiiies desirable to be able to anticipate the height of the 
spring high and low water planes, they as a rule being the planes 
1 ) f  the highest and lowest normal tides occurring during a month. 
To obtain these planes it is necessary to average, over a considerable 
period of t h e ,  all the high and low waters, respectively, occurring 
w h i  tlie efTects of the new and full moon are a t  a maximiim in 
increasing the riinge of tide. As discussed in the Appendix this 
iiiaxiinuni range increase causing the spring tides does not take place 
in  (v)int+lence with the tinie of new or full moon, but hgs by 11 
definite inteiwd knotvn t i s  tlie phaFe age. The phase age of the 
tide is discussed later in connertion with other %ges” of the tide. 

To determine the height of the spring high and low waters it is 
ciistoniary to take the two high and two low waters, respectively, 
which occiir nearest the time obtained by adding the phase age of 
the tide to the times of new and full moon. This will give four 
monthly valnes each for the determination of the planes of spring 
high and low waters. These values will vary considerably from 
month to inontli through the effects of the moon’s parallax and 
declination, anti any incideotal meteorological disturbances, all of 

S w  IJ 8. ( ’o t i4 t  and Geodcltic Ynrvry Snerlal hbl lcnt io l i  KO. 26, pnragmphs 502-603. 
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which make it necessary to  average the results of a number of months 
in order to  obtain reliable values for  these tidal planes. 
. The  observations at Ketchikan have not been reduced for  the 

spring tides, o r  as they are sometimes termed, phase tides. However, 
a derivation from the harmonic constants (by means of the formula 
of R. A. H a r r i ~ ) ~  for 1920 gives the following valnes : Spring hifh 
water on the staff, 22&9 feet; spring low water on the stag, 5. 1 
feet. This  brings the plane of spring high water 8.43 feet above 
inean sea level, an  increase of 30 per cent above the nieiiti high-water 
plane. The spring low-water plane is 8.83 feet below i n ~ ~ a n  sea level, 
n decrease of 31 per cent below the plane of mean low water. These 
values, deriveti as they are froni harmonic constants, may differ 
slightly from the values v7hic.h woald be obtained through direct 
tabulation, biit are more readily obtainable tint1 ent irely satisfactory 
for all practical purposes. 

The  planes of the neap high ant1 low wtrte1.s ; I I*P  tlerirrcl in :I 
nianner similar to  the spring planes, by siibstitiiting for “ iiow an(l 
full moon ” in the preceding par:igi*:iphs the ‘‘ iiiooii’s first ;111tl 
third quarters.” The rise m t l  fall of the netip ti(1C.s c~~rii i ls  8.N) feet 
as derived from the 1920 litiimonic conhtunts. ‘l‘lii\ L;inge is ill)- 
proximately 50 per cent that of the spri,ng tidths. 

The  moon makes a rcvoliition ahlit  the earth in :il’l)i’oxiniatcly 
27% dttys, its coi~rse t i w i n g  an  elliptical path. ‘ I ’ ? i t b  wirtli is not 
located at the center of this orbit brit is so bitiiattvl within thc 
ellipse that  once during the Iwriod of revoliition tliv nioon is iwiir- 
est the earth arid once farthest from it. ’I‘his pwiotlic ch:tngr. in 
the proximity of the two bodies gives rise to the pi’ig(wn ancl 111)o- 
gean tides; the former occiirrjng when thta nioon is nt.:iwst the t w t h  
and its tidal forces bring about g m i t r r  than :ivt~i-;igc~ titliil fliic.tiiti- 
tions; the latter occurring w4ien the moon is frirtlie-t iwiovwt rind 
the effect the least. A s  thth periods betwem p v r i p e  or twtwtvn 
apogee are approxirnately 21% clays, there will bo h i t  thirtren times 
yearly f rom which to obtain mean valiies f o r  eitlier ])l:irrt~. These 
tides occur soineidiat Inter than the tinie of the nioon’s perigean or 
ttpogean position. ‘l’hr lag  in the occiirmwe of the titles is known 
as their parallax age. ‘I’herr being no direct tlrriv:ition of either 
plane. the harmonic constants wc~re again iitilizetl to ohtain these 
values. ‘I‘he perigean pltines are 7.77 feet tint1 f.H1 fwt .  r-eslwctivt~lp, 
:~bove and below mean yen level ; the apogcnn plan(+ >.4!) fwt  :ii)ovt1 
and 5.57 feet helow mean stw level. 

The periodic fortnightly clinngcs in the  moon'^ clrrlinrition give 
rise to eight tidal plant+, known a s  the tlerlintit i o ~ i a l  plnncw f i0oni  
the factor causing their origin. ‘l’liese 1)l:int.s ;WP : EIigher hi$ 
water, lower high water, higher low witer, lo~v.ei* low water, tropic 
higher high water, tropic lower high water, tropic higlier low water, 
anti tropic lower low wttter. ‘I’he plane of the tropic higher high 
water is tleterinined by aver& ing the higher high writer heights that 
occur at the .tinitls of tropic. tic f es, the P titles awonipanping the moon’s 
extreme north and south tleclinations. The  otliw trol)ic* 1)l:ines :ire 
derived in  a similar nianner. 

Tlir averaging of the higher of the two daily high waters over 
a considerable period of time determines the niean higher high water 

4 Sce Ynnunl of Tides, Part 111, U. S. Coaet and Oeodetlc N W W ~  Report for 18!)4, p. 144. 



TIDES A N D  CURRENTS IN SOUTHEAST ALASKA 19 
plane, while in :t similar way can be obtained the planes of lower 
high water, higher low water, and lower low water. The differences 
between the heights of the two daily high waters and between the 
heights of the two daily low waters are uite marked a t  Ketchikan. 
This fact is shown by cornparing the ( s uily heights in columns 9 
and 10 of Table 1. 
As the planes of higher high water and lower low water are more 

often used than the other two diurnal planes, they alone will be 
discussed. The monthly and annual values used to derive these 
first-named planes are listed in 'Fables 10 and 11. 

TABLE lO.---MonthEy itwuii h i g l m r  high zratcr oil stnff, Ketchikan, 1!119-192$ ' 

' Feet Feel Feel Feet 
1919 ....._____..__. 1 22.77 52.16 21.57 21.68 

1923 ..._.______._.. 122:03 21:23 21.03 21.45 

1920 ....._._.__._.. 1 22. CO 21.33 21.67 21.04 
1821 ...____....__..I 22.27 22.23 21.49 21 114 
1922 _._.. ~.~ __.._._ 21 A8 21 67 21.41 20.7b 

1924. ._.._...._._.. ~ 22.h2, 22.41 21.201 21. PO 

_ _ _ _  __ 
TJncorrrrted for longitude of moon's node 

TABLE ll.-Molzthly mean lower. low aoaW o n  stafi, Ketohilcan, 1919-19% 
__ -__--___ _____ 

Y ewr 

__ .- __ -.. 

Feet Feet F P F ~  Fee t  Feet Feef Feet Feet 
7.23 7.13 6.59 6.7b 6.56 6 10 6 OR 6.05 

6.10 6 4 8  6.21 5.90 5 . 6 3  5.89 5.58 6.99 
6. 13 6.33 6. 7d ,5. 88 6.03 5. 66 5.47 5.71 
6.50 6.33 6.10 6.46 6.24 6.17 5.81 6.90 6.41 R.44 6 . 5 7  6.51 6.29 

6.16 __- --I__I_ __ _--I_-- (LL -I---- __ 
6.30 6 .48  6 3 4  6.20 6.01 5.92 5.741 5.99 6.531 6.52 6.37 6.141 8.21 

6.82 5.82 6.4h 6.29 5.90 6 0 6  6:82 6.24 

H.03 R.81 h.98 6.94 5.72 5.62 5.68 5.98 0.72 I 7 0 1  6.56 5.941 

IJncorrcctcd lor longltude of moon's node. 

The variations in the heights of the higher high and of the lower 
low woters are lurgc c~nongh to precliiile the reliable establishment 
of these planes froin :I short serics of observations. This fact is of 
irnportanve in connc1ction with the establislirnent of a plane of lower 
low witer which, tis y~*ev io~~s ly  st:ttetl, is used tis the dntuni to  which 
al l  soundings on Coast and (feodetic Survey charts for this region 
are rcfcrrect. I t  is customary at all short-period, or subortlinnte 
t i d d  stations. to refer the plane of lower low water, as determined 
from observations, to  the plnne of some near-by long-period tidal 
station, such as Ketchiknn, where :L well-determined value of mean 
lower low water h a s  been derived. This reference is niatlc possible 
by observations taken sirnultaneonsly tit the two stations. I3y use 
of the ratios of the rtinges nnil of the low wtiter inoqudities applied 
to the standard valnes of the long-period  tati ion,^ there is obtained 
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a corrected value of lower low water for the short-period station that 
is a more well-determined mean than is the uncorrected value. 

As shown in Tables 10 and 11 the values of mean lower low and 
mean higher high water on the staff at Ketchikan are, respectively 
6.21 feet and 21.66 feet, obtained as the average means of the 6 years? 
observations. These, of course, are liable to correction for the 
longitude of the moon's node, for, as has been stated before, only 
the mean of a 19 years' series may be accepted directly as a correct 
tidal constant for any plane dependent upon astronomic conditions. 
By noting the variations in the yearly means, 0.28 foot between 
annual mean lower low waters, and 0.22 foot between annual mean 
higher high waters, it is readily seen how much influence 1 or 2 years 
of unusual mean values may have upon the average, especially over 
a short eriod of years. 

feet above mean sea level, the plane of lower low water 8.03 feet 
below it. This high-water plane lies almost exactly halfway between 
the planes of mean high water and spring high water. Mean lower 
low water, however, approaches spring low water more closely. 
These values of the diurnal ranges are not corrected for the lon i- 
tude of the moon's node. To obtain the corrected mean values B or 
the higher high water and lower low water planes as referred to 
mean sea level it will be necessary to combine the corrected values 
of the mean high water and high-water inequality, also the mean 
low water and low-water inequality. This has been done to derive 
the values listed in Table 16, and in the tidal summary, Table 18, 
a t  the close of this section. 

Values for two of the tropic planes have been derived from the 
harmonic constants. Tropic higher high water equals 21.60 feet 
og the staff, and tropic lower low water equals 5.85 feet. These 
planes do not differ materially from those of the higher high and of 
the lower low waters. 

Two other tidal planes, dependent not upon astronomic conditions 
but upon storm eflects, are the planes of the monthly extreme tides, 
or the storm tide.; as they are sometimes c*:ilied. These planes of 
high and low waters are derived as the means of the highest and of 
the lowest tides, rty)wtivclg, for. o : d i  i i i o n t t i  o f  the ye:ir. Such a 
derivation is bound to yield a sornewhnt arbitrary plane, as  n single 
month might register several tidal heights in excess of all others 
during the pear, yet only the one valire enrh of the high and low 
waters worild be used. 

For t K e 6 years the plane of mean higher high water was 7.42 

TAHLE 1 Z---Z'c.ur?y cztrcwac'a, lic~tcolLikrrii, l ! ~ l ! / - l , W ~  
~ ~- ~ _ ~ _  

Storm high water R ~ V C  standarci sea lrvel twlow standard sra lrvel 

j Fed 1 
1919 .......... IO 33 
1920 .......... 10.55 ' 
1921.. ........ IO 46 
1922 .......... 10.43 
1923. ......... IO 43 

Nov. X ............... 
Dcc. 26 and 27 . .  ..... 11.9 
Jan. 23.. ............. 11.8 
Sept. 23 .............. I2 0 
Dec. 6 .............. 12.0 
Nov. 27 .............. 12.0 ___ I--' Mean..i 10.48 1 Maximumtide. 12.0 1 

I 

1919 ......... i 
I W'O.. ....... ! 
1921 ......... 1 
lb22 ....... 
1923 ......... i 
1V.4 ......... 

Feet 
1 1 . 4 1  
11.h2 
11.37 
11. f 4  
11.36 
11 43 

M o m .  1 - i ~ ~  

Date 
Del:. 8 . .  ............. 
Jan. 6 ................ 
Ang. 4 ............... 
Jan. 14 .............. 
May 31.. ............ 
May 20. _ _  -. .___ __. .- 

Mirilmum tide. 

Feet 
13. I 
12.7 
12. 4 
1 2 . 6  
12. 1 
12. 8 

13. I 
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The annual values of these storm water planes referred to mean 
5ea level are listed in Table 12, columns 2 and 6. They exhibit such 
slight differences from year to year that it is quite feasible, from 
the viewpoint of the water-front engineer, to predict a working 
value for this plane from but a single year of observations. 

I n  the event that the maximum rise and fall at Ketchikan is 
desired, the highest and lowest tides for each year are listed in 
columns 4 and 8 of Table 12. From 1919 to 1924 the maximum high 
iide rose 12.0 feet above mean sea level, while the minimum low tide 
fell 13.1 feet below mean sea level, fluctuations approximately 100 
per cent greater than the mean high and low water planes. 

For convenience in referring the extreme tides to the soundings as 
shown on a Coast and Geodetic Survey chart for Ketchilran, these 
tides are referred to the chart tltitiini of mean lower low mtiter as 
listed in Table 13. 

TABLE 13.-Yearlii ertrenica, Ketchikm, 1019-192+ 
- _ _  ~- _ _  - 

Storm high water abovr standard lowrr low w 

1,owcst lldr 

- 
I I ighes t t ltle 

I 
Year ~ j 

i .... ..-; ,- ................. __ 
1 Fret , 

1819 ..........I 18.36 

1921 .......... i I8 48 
1922 ........ lR.46 
1923 ........ . I  Ib.46 
1924 ._____.. ~~1 18.72 

19:n .......... I 18. 58 ’ 
Date 

Nov. 8 ............. 19.3 1 

DCC. 26 and 2 7 . .  .-’ IQ Q 
............. 1b .8  

. . . . .  
DRC. f i ~  .......... 
NOV. 27.. ........ 

I 

1919 
Ik‘O-.. ...... 
1921 ........ 
1972 ......... 
1623 ........ 

Mean.. 18 61 I ‘  

Fed 
3 38 

3 34 I 
3 61 

3 40 

3.A9 I 
3 33 ‘ 
3 44 

Dafe 1 Fret 
1)ec. 8-  ....... . _ . _ _ I  5.1 
J a n . 6  ............ ~~! 4 .7  
A u g . 4  . . . . . . . . . .  4 . 4  
Jan. I4 .......... .; 4.5 
Mny:*L ....... ~ 4 . 1  
May 20. ............ , 4 . 8  

Minimuin tirIe.1 5.1 
._-- 

I f  the depths of water ttre desired at  extreme high tides for any 
particular location along the Ketchikan water front or in ‘l’ongass 
Narrows it is only necessary to add 18.51 feet to the charted depth. 
For extreme low tides subtract 3.44 feet from the charted depth. 
If the greatest and least depths that may be expected are desired, 
the maximum value of 20.0 feet added to the charted depth will give 
the maximum rise experienced in six years, while 5.1 feet subtracted 
from the depth will give the maximum fall for the same period. 

8. DIURNAL INEQUALITIES 

The diurnal inequalities are not, as might be inferred, the differ- 
ence in height between the two high waters or between the two 
low waters of a da , but as derived are the difference between mean 

lower low waters. The former difference is known as the high 
water inequality, or DHQ; the latter as the low water ineqiiality, 
or DLQ. 

The variations, as obtained by subtracting the related values of 
Table 7 from those of Table 10, and tho related values of Table 8 
from those of Table 11, are listed in 7’nJ)l~ 14. columns 2 ant1 5. 

high and mean hig E er high waters and between mean low and mean 
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-___ 
Feet 

1.38 
1.38 
1. 41 
1.37 
1. 29 
1.38 

TARW 14.-Dlurnal inequalities, annual means, Ketebikan, 1919-1924 
_ _ _ _ ~ _ _ _ _  --___ - __ ___ --__ _______ - . __ __ - 

Diurnal high-water inequality Diurnal low-water inequality 

Feet 
1.47 
1. 50 
1. 82 
1. 01 
1. 50 
1.50 ____- 

. ..... - 1- 

1919 ............................ 0.88 
lm ............................ 77 
1921 .......................... - '  .81 
19 . ..........................., .Ho 
1923.. ........................ .' . 74  
1924 ........................... . 7 3  

........ - . 

0.94 I 1919 ........................... 
.88 l9zo .......................... 

.n9 , 1923 ........................... 

.93 1 1921 ........................... 

.U? 1 19 22 ........................... 

. n:j j 1924 ........................... 

Cor- 
corrected rected 

:I:Q 1 DLQ 

Inasmuch as the mean high and low waters, also the mean hifiller 
high and lower low waters are all subject to the periodic, variations 
caused by tlie cliwnqing longitiitle of the nioon's node, it follows that 
the diurnal ineqiialitics will likewise be s1hjec.t to a c.ori-ection for 
the same variation. Thr  c*orrection factor to be applied to the 
inequalitirs is that known as 1.09 l:,: as voiripiited by Harris. The 
direct inequalities as modified by the application of this factor are 
listed in Table 14, columns 3 :mtl fi. As witli the corrected annual 
mean ranges, these corrected incquslity villller still eshibit variations 
after the eliniination of tlie periodic variational effect, the ixmaining 
variations being attributed to the nii*teoidogical efft'cts on yetrrly 
tidal values. 

9. THE TIDAL RANGES 

l'he range of title is clefinetl as tlir tliff'erenc*f: in height lxtwecn 
high and low watws. I t  is the extent of the tidal fluc+ttiation 111eas- 
tired between any two related 1)lanes of high ant1 low water. As 
with thcl other tidal constants, the ranges are subject to daily, 
monthly, and yearly variations caused mainly by tlie changing posi- 
tions of moon and siin relative to the earth. The different ranges, 
as classified, are self-explanatory in their relation Lo the tidal datum 
planes already tlisciisscd. Those wliicli will  be treated lierein are : 
1 lie mean rtingse, 01' tliff(~r(mcc bcltwren tlie mean higli untl low water 
planes; the great tliiirnal ixnge, or  tliffcrcnw between the mean 
liighrr high antl I o w w  low water planes ; the small diurnal range ; 
the spring antl neap i*:lnges ; tlie perigtlan and a l q p i n  i.:inges ; tlic 
great and small tropic ranges; tlie storni range; and the qrei>t(bht 
rmge. 

The daily variations in range during a typical siimirier month a t  
Ketchikan are shown by the height differences in columns 11 and 12 
of Table 1. 'l'he niontlily and yearly values of the mean range, ns 
obtained by subtracting the values of Table 8 from those correspond- 
ing in l'able 7, or by tidding togetlicr the vrilucs of Table 9, twe listed 
in Table 15. 

r ,  

- 
Rep Manual o f  Tides. 1'mt 111. 1'. S. ('oast and Geodetic* Siirvev Re ort for 1R94. 

p. 260 : a180  1 1 .  S. ( 'onst ;inti (:voclcatic* s u i v e y  Spcvini I'ul>licntlon so. &, p:iragrapliH 
,N6-507. 
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IYIY 
1924 .-...... 
1921. .. . 
I % & - . -  -. 
IV23~ .....~ 
1924. . . . . . . -. 

. . . 

Mcttn. 

TABLE 15.-The mean range, Kctchilcan, 1919-19Q 
__ __ 

/i\nnu;ri mean:: 
1 

i Uncor- ‘?or. 
I rrctrd rwted 
: _ _ - _  .- ~ ______ -- 

Fed Fed Fed &et Fed Feet Fed 
13.09 13.05 13. 181 13.22 13. 2!4 13. 2,5 13. 15 
13. 10 13.01 13. 181 13.30 13.41 13.45 13. 26 
13.06 13. 25 13.381 13. 53 13. 80 13. 86 13. 23 
13.20 13.37 13. ha’ 13.61 13. 81 13. 50 13, 21 
13. 45 13. 21 13.B’ 13. 41 13.46 13.45 13. 39 

~ 13. 30 13. 10 13. 05 13. 13 13. 30 13. 41 13. 28 13. 11 13. 29 13. 03 

1 13. 201 13. 16 13.271 13.371 13.45 13. 4 5 1 ~ ~ ~ 1 ~ ~  
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of the moon's node. To obtain the corrected great tlillrniitl range the 
corrected mean range value of 12.98 feet of Table 15 was added to the 
corrected mean values of the diurnal inequalities of Table 14, yield- 
ing 15.42 feet RS the accepted value of ICetc$ikan'h gmit t1iurn:il 

' rub I 

IW;. X.--.innunl variation In mean range, 1ii~tcIiih;in 

The ranges tilreatly discussed, with other i-anges at Ketc*hiltun, t i i v  
Those values incloset1 in p a r e ~ ~ t h t ~ s  w t w  wnipiled jn Table 16. 

tlrrived by the use of the harmonic constants for 1920. 

TABLE IB.-Ranges of t;dc at Iirfrhikrrii, /!)/!)-I!),? 
[Values inclosed in parentheses derived from 1020 hitrnlonlc ronst ints] 

Drsignation Desi gnntion 1 Feet 

IO. HARMONIC CONSTANTS 

The Coast and Geodetic Survey uses the harmonic constants pri- 
marily to give settings on its tide-predicting niacliinc, by means of 
which the titlt1:j are pi-edic*ted for many places t l i r o ~ g l ~ ~ t  the worI(I. 

To obtain values for these constants a t  Ketchikan, there has been 
made a harmonic analysis of the hourly ordinates for the year 19'20, 
the series used commencing on January 1, 1920, and continuing for 
369 days. The method of analysis used is fully explained in the 



Comiionrut 
____ 

J~ ........................ 

Among the tidal characteristics which may readily be derived 
from the harnibnic constantsu are the ages of the tide, the type of 
the title, unci tlie aider of occurrence of the tides. 

The ages of the tide are determined from the following formulas : 
Phase age, in hours ___-______________-_------ - -_________ =O. 084 (So,--Mol) 
Paral lax  age, in hours _________________________________  =l. 837 (MoI-No2) 
Diurnal uge, in hours __________________________________  =0.911 (Kol-Ool) 

The hase age of the tide is the time elapsing from the occur- 
rence o ! new and full moon to the spring tides, or the time between 
the moon's first and third quarter, and the following nea tides. 

in the proper formula, the phase age of the tide at Ketchikan is 
derived as 30.9 hours. 

and apogean tides follow the corresponding positions of t e moon 
on its orbit around the earth. The value of the age as derived for 
Ketchikan is 46.5 hours. 

The diurnal a e of the tide is the time by which the tropic tides 
follow the iiioon s semimonthly maximum north and south declina- 
tions, equaling 18.9 hours as derived from the formula. 

The type of the tide is obtained by the use of the ratio 
(K,+O,+(M,+S,). From this there is derived a value of 0.30. 
When the ratio obtained from this formula lies between 0.25 and 
1.28 the tide is of the mixed type. This is clearly the type pre- 
vailing at  Ketchikan, for the two high waters and two low waters 
occurring each day both exhibit marked height differences, that 
between the low waters being the greater. 

The order of occurrence of the tides may also be determined from 
the harmonic coiistants,Io but inasmuch as the formulas used alee 

Substituting the values of the harmonic constants from Ip able 17 

rigean The parallax age of the tide is the time by which the 

9 

E l  ~ # I ~oniponent 
-- ~ 

FPPl ' n p q r p p s  
(0.002) (i36.a)i Q~ ............................ 0.174 i 1 0 0 . ~  

i Feet Degrees 1 

* U .  S Coast and Geodetic Survev S ectal Publication No. 98. 

lo Maiiual of +idpa. Part 111, U.' 8. Coast and Geodetic Survey Report for 1894, p. 14.5. 
See forniulns Mniiuul of Tidea tl. #. Coant nnd Ucodetfc Survey Report, 1804. 
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somewhat involved they are not reproduced herein. These fornirilas 
rive the order of Occurrence of the tides a t  Ketchikan to be higher 

kigh water, lower low water, lower high water, higher low water. 
This fact is readily discernible from an inspection of R few days' 
tidal curves as recorded on the automatic gauge paper. 

XI. SUMMARY OF TIDAL DATA 
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lower low 
water, feet 

18.53 
20.00 
S. 05 

0.00 

(0.34) 

(0.48) 
3.42 
5 .1  

----- 
__-__ 

12. METEOROLOGICAL EFFECTS 

As has been briefly mentioned in the foregoing pages meteorologi- 
cal changes are influences tending to act upon the water surface. 
their effects being marked by fluctuations in the height of sea level 
and therefore corresponding changes in the heights of high and 
low waters as they oscillate about sea level. I n  regions of sinall 
tidal range, sudden changes in wind, barometer, or fresh-water 
discharge, are ofttimes of sufficient influence to cause tidal changes 
which completely mask the normal heights and times of the astro- 
nomic tides. 

To illustrate the effect of changing barometric prwsures upon the 
height of sea level over long periods of time, the two curves of 
Figure 9 have been plotted to show mean monthly barometric 
pressures nad heights of sea level for the period 1919-1924. As 
records of barometric pressures for Ketchikan were not available 
those for Sitka have been utilized. Daily conditions of weather 
t l t  Sitka and Ketchikan are usual1 enough alike to permit the use 
of the Sitka mean pressures as stan B ard for Ketchikan. The monthly 
mean barometric pressures recorded at, Sitka were taken twice 
daily, at 8 a. m., and again at  8 p. 111. The a. m. and p. m. values 
show very slight differences throughout the series, the maximum dif- 
ference for any one month eqiialing but 0.012 inch. For the plotting 
of the pressure curve in Figure 9, the 8 p. m. month1 mean values 
Were used. These values of the barometer are liste B in Table 19. 

TABLE 19.-Avwage rnonfhly barometric preeeure, Nitka, Alaska, 1919-1984 
[Ohservations taken daily at 8 p m T o  roduce those data to sea level add 0 100 inch] -- __ - __ - - -____~  _. __- - ___ __ --___-- __ 

Year 1 Jan 1 Fob 
z _ _ _ _ _ _ _ _  

Inrhrs 1 

29.588 
29.8801 

Inrhes 1 Inches 1 Inrhea 1 
28.565' 29.742 
30.105 29. 685 
28. 5671 '29.801 
29.829 29. h98 
29. w31 29. 8611 
29. 568 28. nml 29. 7621 

Inches Inrhes 
29.971 29.974 
'29.w 30.043 
29.743 30.008 
90.008 30.073 
2Q.898 29.888 
ao .~n9 29.867 -- /--IL---- 

Inchca 
29. 959 

29. 896 
29. 875 
'29. WQ 
29. WBO 

20.892 

Inrhca 

29.625 
29. BHB' 
29. 7141 
29. 7981 
29.090 

-I- 

Inches 
29.934 
29.647 
29. ,557 
29.0w 
21). 728 
29.527 

--, 

Inches 
29.744 
29.049 
29. 716' 
20. m5 
29.580 
29.660, 

Inches 

29. 805 

The two curves of Figure 9 bring out clearly the relationship 
between the height of the sea level and the air pressure, for as the 
pressure curve indicates an increase from month to month, the 
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sea-level curve manifests a corresponding decrease in the height of 
sea level, and rice versa. There are, of course, minor incidental 
disturbances that slightly modify this almost direct relationship 
at  Ketchikan. However, only for one short period is there a dis- 
turbing factor of any magnitude. During the months of May 
and June there is noted a considerable increase of the sea-level 
height above the general trend of the curve. This change can 
not be accounted for by any decrease in barometric pressure, for the 
latter is steadily rising from January nntil diily, when it has reached 
its maximum. 

II'IQ, 0.-Itel:ition Letwcen sen lcvel sild barometric pwssure 

'l'hc augmented sea level during these two spring months is quite 
evidently caused by the sudden influx of large quantities of fresh 
water from the rapidly melting snows of the mountains along the 
coast. During those carly summer months the snow line moves 
upward from sea level to between 2,000 and 3,000 feet elevation, as 
the heavy winter snows are rapidly melted and drained away to the 
sea. The great quantity of fresh water which is suddenly discharged 
into the sea during May and June may be readily judged by an 
observer noting the prevailin flood conditions in all streams alon 

and the streams have diminished in size and numbers; many that 
were wide, roaring torrents but a week before are but small brooks 

'spanned by a single step, or simply dried-up stream beds. 

f the coast. By July all the a eavy winter snows have disappeare 
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The extreme variations in the height of tide listed for each year 
of the 6-year series in Tables 12 and 13 show that the large majority 
of these excessive tides occurred during the winter months. From 
this fact alone the conclusion might be drawn that storm conditions 
are largely responsible for the extrenle fluctuations in sea level. 

The lack of weather reports concerning wind conditions along 
the Alaskan coast prohibit a discussion of the effects of gales upon 
the heights of the tide. It inay only be inferred that the wind is one 
of the several factors combining to bring about the extreme, or 
storm tides. 

However, there are other factors available for study. The baro- 
metric pressures recorded at  Sitka for the days of the storm tides 
show that in every instance an extreme low tide was accompanied 
by an unusually high barometer. Taking the average of the daily 
barometric pressures recorded for each of the annual lowest tides 
listed in Table 12, the average pressure for these six days is found 
to be 0.39 inch higher than is the mean pressure found by averaging 
togFther the monthly barometric pressures for those six months in 
which these extreme tides occurred, 

that the mean yearly barometric pressure variation 

level of 0.8 of a foot, it may be presumed that the barometric increase 
at  the times of these storm tides will account for approximately 1 
foot of the decreased height of sea level recorded a t  these times. 

A study of the pressures recorded a t  times of the extreme high 
tides shows that in most cases a considerable decrease in pressure 
accompanied the storm tide. 

From the height relation of the tides listed in Table 18, the storni 
low-water plane is seen to be 11.5 feet below mean sea level, while 
the next lowest tidal plane, that of spring low water, is but 8.5 feet 
below, a difference of 3 feet. If 1 foot of this difference is accounted 
for by barometric pressure increases, the remaining height difference 
must be ascribed to the other factors. 

It is noted that invariably the highest or lowest tides for a year 
Occur during periods when two, or all, of the spring, perigean, and 
tro ic tides combine, so that their large tidal fluctuations form a sec- 

Junction of the stronger tidal forces plus the wind effects must D C -  
count for the extra 2 feet decrease in the average plane of the storm 
tides. 

To sum up the foregoing discusion, we may conclude that the es- 
treme, or storm tides, are mainly caused by the combined effects of 
unusual barometric pressures, the conjunction of spring, perigean, 
and tropic tides, and heavy winds. 

Considerin 
of ‘0.35 inch f )rings about an annual range in the variation of sea 

on 1 factor tending to increase the rise and fall of the tide. This con- 

ANNUAL VARIATIONS 

13. VARIATIONS I N  MEAN SEA L E V E L  

Following the receding cliscussion tlenling with the factors in- 
fluencing the heigit P of sea level, Figure 10 has been prepared to il- 
lustrate the annual variations in sea level at various southeast 
Alaska tidal stations, where differing local conditions of pressure, 

10656--2i--4 



30 U. S. COAST AND GEODETIC SURVEY 

winds, river discharge, and location cause differing annual varia- 
tion curves. ., 

These graphs of sea level aredrawn for the five principal tidal 
stations at  Ketchikan, Skagway, Craig, Juneau, and Sitka. Due 

- 
\ 

7 
7 
7 

FIG. lO.-Annual variation in sea level, principal Alaska tide stations 

Feet 

0 4  

0 2  

0 0  

0.2 

04 

- - 0.4 - 
- 0 1  

- 0 0  

- 
- - 0.2 - 
- 0 4  - 

'allowance must be made for the curves of the shorter period stations, 
as it is manifestly improbable that these represent quite accurately 
the mean graphs that can on1 be obtained from longer series of 
observations. An inspection o iy the individual yearly curves for the 
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sea level at Ketchikan. as shown in Figlire 3 ,  will illiistriit~ t l iv  
amount the individual goarly c i i r ~ c  niny tliti'rr f i w r i  A curve of 6 
years' averages. Also, to make tlie curves of 14'igiiro 10 strirtly coni- 
parable they should be bnsetl iipon simiilttineoiis series. i .  e. ol)scrv:i- 
tions taken diiring the same years. However, we 11i:~y acrept tlieni 
as sufficient for piirposcs of this comparison. 

It is noted that the curves of sea level for the extreme northerly 
anti soiitlicrly stations tlitfcr m;iteri:illy as regards the time of lowest 
sea Ic*vcl for the year. wh:ch ocwrs at  Skttpayv in April but not 
I iitil July at Ketchil<an. There has alrcady becri assigned a caiise 
for the time of orci1rwnc.e :it Ketchikan's lowrst sea level, it being 
d i i c  to thr sc:is(tn of highest barometric pressims. It is quite possi- 
blt. that a lilrc cauw affects the height of sea level at Sliagway. 
An abscnw of any 1~cssiire readings at  or noar the station ])re- 
cludcs any discussion i i p n  the pressure e f f d s  at Skagway. 

Another factor, one which nntloixbtedly exerts considerable influ- 
ence upon Skagwny's tidal characteristics is the belt of far-reaching 
ice fic.ltls siirroiindinp Lynn Canal and extending to the northward. 
These mould tend to maintain inore equable air and water tempera- 
turos throiighoiit the ycar, and mould also bring about barometric 
conditions differing from those farther south at  Sitka. 

As Skagway is at thr heacl of a narrow inlet into which two  sizeable 
rivers dischnrgc, its height of sea level is increased by tlie opposition 
of river current to the incoming tide, causing an increased height of 
the high waters, and the river discharges raising tlie height of the 
low waters on thc niitgoing tides. Thus we may explain the grad- 
ual rise of  sea 1t.vt.l :it Slragway from the month of April, for a t  
this time the icc: gocs out of the rivcrs and a l i e a v ~ ~  fresh-watw dis- 
charge fed by the melting snows and ice fields pours into the head of 
the canal until the niiclsnmmer months. Even if we presume the 
barometric presslire variation at  Skagivuy to resemble that of Sitka, 
the prcssiirc! &cct lipon the sea level might be masked by the greater 
effect of the river discharge. I f  fresh-water discharge can mask the 
barometric prrssiire effect upon sea level at  Ketchikan, which, 
tIiroiig1i its fi*ccr n t w  ibility to the open ocean. is less subject to 
the influences of river cliscbarge, it is quite reasonable to assume 
that Skagmay is still inore liable to the influences of fresh-wnter 
discharge from its adjacent rivers. 

A comparison of the ciirves for Ketchikan, Craig, and Sitka shows 
thcm to be somewhnt similar. All these stations are'subject to much 
the same conditions of barometric pressure, river discharge, and ac- 
cessibility to the open-ocean tides. The curves for the two northerly 
stat ions, Jiincnu and Skagway, also follow each other in general 
contour. This might be expected, inasmuch as both stations arc 
situated well inland from the sea at the heads of long inlets, and arc 
Presumably subject to somewhat similar conditions of river discharge 
and barometric pressures. 

Minimum annual sen level occurs in June and July for the three 
southerly stations, and in April and May for the two northerly 
stations. Maximum sea level exhibits less variation in time of 
occurrence, ranging f r a n  October a t  Skagway to December a t  
IWchikan. 
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?'lie extrenic height variations in sea level during the 12 months 
are much the iarne for the five stations, ranging from a mininiiirri of 
0.79 of a foot :it Ketcliikan to a iiiaxiiiiiini of 1.12 feet a t  Juneau. 

I n  conclusion i t  may be stiitecl that where station locations are 
similar with respect to (1) tiwessibility to the open sea, (2) river 
clisrharge, and ( 8 )  barometric pressiire, it may be expected that the 
inclividual annual Pea-level ciirves for each station will be very much 
alike. This statement is 1)orne out in connection with a tliscassion 
tipon the similarity in the aniiual sea-level variations of certain 
Atlantic and Pacific coast stations in a 1 1  article, "Mean Sea Level and 
its Variations," l2 by H. A. Marmer. 

14. VARIATIONS I N  MEAN RANGE 

In a preceding discussion of tlie tidal range a t  Ketcliiltan there was 
foiind to be a definite periodicity exhibited in its annual variation. 

The graphs for this station ant1 the other principal southeast 
,ila,ika tidal stations at  Craig, Sitka, rJu~ieau, and Sltagway have 
hem drawn on Figure 11. It is noted that all show periodic varia- 
tions somewhat similar to the range at Ketchikan. 

With a view toward utilizing this known periodical range varia- 
tion as a means whereby the 'range at iiiicuiiipared stations of a t  
leatt a month's tidal series may lie corrected, the following tables have 
been drawn up. Table 20 lists the iiionthly variations from the mean 
range at tlie five aforenamed tidal stations, 

TABLE 20.--Voriation in mean rawyc, prirtcipul wutheast Ataslca t ide stations 
__ - - - ___I____-- 

__ - -  

Varhtinn\ liiini mean range 
- - *t.r~ion Yews rzLd __- --____ 

m o m  Jan 1 Fob I Mar. ~ .\pr ~ Ma) 
-- - __ - - 

1 1  

, Feet 
Krlrhiknn. _ j  1.ooF~ 
('raig and Sitka ,995 
J u n e a u  a n d  

Ykagway ..... 1. 019 

Fret 
I. 002 
,981 

1. MJ3 
- 

Table 21 contains the range correction factors, which are later 
utilized to correct the mean range at the few tidal statiqns through 
so'utheast Alaska at which observations were made during periods 

September number "Annals of the Association of American Geographers," 3 925. 



these corrections, with regard to sign, to the monthly ~xngc vulites 
to be corrected. The result will, however, st ill rieetl to  h i  corrected 
for the Ion-itude of tlir nioon's node. 'ro i)c wd'l deterniine(~, t he correct ion factors of t l i c w  ta1)ie.k sliolil(1 
be the product of ~!)-yeer tide1 series. €?on.ever, thc tll)plication of 
the corrections will generally yield hetter rangr va1at.s than are to 
he 1 i ~ d  siniply by acxvq>ting thcl rnngr NS ohtainetl for thr dire(-t 
observat ions. 
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This section has been included mainly to illustrate a possible 
method of correcting short-period, noncomparable tidal stations. I n  
an entirely similar manner correction factors may be obtained $or 
the great diurnal range, the lunitidal intervals, and also the heights 
of certain of the tidal planes. 

THE TIDES IN THE VARIOUS WATERWAYS 

15. G E N E R A L  REMARKS 

Tlie :ire& embraced in so'utheast Alaska is too great to permit of 
8disc;ussion as a whole, for which reason arbitrary divisions have been 
made. Insofar a 5  it was possible these clivi4oiis were c o  made as 
to embrace an area, or connecting waterwuq'h, tlii oiigliout which the 
tidal clia~-acteristic~~ may be expected to bear close relationship. The 
divisions are 10 in number, and will be discussed in the following 
order: (1) Outer coast (Dixon kintrance to Cross Sound) ; (2) 
Revillagigetlo Channel, Portland and Ihhm Chnals ; (3)  Clarence 
Strait; (4) Suniner Strait; ( 5 )  Wrtingell Narrows; (6)  Frederick 
Sound and Stephens Passage; (7) Chathani Strait and Keku Strait; 
(8) Peril Strait; (9) 1,ynn Canal; (10) Icy Strait, Glacier Bay 
and Cross Sound. 

Each of these tlivisions is illustrated by R keparate outline map 
on which :ire locate(1 ant1 named all of the various tidal stations 
c*stablishecl and occupied therein. To correlate the 10 divisions refer- 
ence should be made to Figure 1. 

For each of the various tide stations certain characteristics have 
been listed in tabular form, these including the lunitidal intervals and 
duration of rise, the mean and the great diurnal ranges, the length of 
observations, and the name of the standard station with which the 
observations were compared. Except for those few stations for.. 
which no standard cornparison station is listed, the values of the 
intervals and rise, and the values of the ranges were corrected to the 
best values obtainable by comparison with simultaneous observa- 
tions IJ taken at  some long-period station, such as Ketchikan, Skag- 
way, Sitka, or Craig. The same values for all uncompared stations 
have been correctedx4 as fully as possible, the intervals by the cor- 
rection to longitude, the mean range by the correction factors of 
Table 21 and both rangcs for the longituclr of the moon's node. 
Those stations for whicli no great diurnal range is tabulated are 
dations at  which the series were not continuoil.; throughout three clays 
or longer, stations where no automatic gauge was c~stablislird, so that 
readings were perforce obtained from a title staff and for the day- 
light hours only. Many of tlie tidal obaerrations huve been carried 
over a consitlerable period of years by broken series, tlie station being 
occupied but a few days or a few months of a year with a consider- 
able ap in time before the station was reoccupied. Tlie periods over 

t inuous series or of a number of broken series, are listed in the column 
headed " Series," while the actual number of observation days are 

whic f observations have been carried, whether made up of one con- 
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listed under “ Length.” Obviously tidal values obtained from the 
shorter length series can not be given as much weight as those derived 
from the longer series at some other station, so that due consideration 
must be given to this fact in the use of the tables of tidal character- 
istics. The value of the greatest range observed at  a station is not 
to be accepted as the extreme that may be expected at  that station, 
for series of but a few months’ duration are not of sufficient length to 
permit the acce tance of any of their derived values as absolute. 

exceeded at some time by excessive storm conditions occurring simul- 
taneously with a spring tide. Therefore this range value as tabu- 
lated for any station can only be considered as an indication of the 
greatest range that may be expected for that station. There is also 
an element of uncertainty entering into the time relations of the older 
stations, where observations were made previous to the adoption of 
the standard-time zones about 1885. 

From the lunitidal intervals, the difference in tlie time of tide 
between two stations is readily obtainable, a simple equation being 
used for the derivation. 

Time difference= (Ih-I,) +0.069 (Lll.--L1). I n  this equation 
I, and I,, are, respectively, the intervals in hours for the reference 
station and the secondary station, while L, and L,, are the respective 
longitudes in degrees. If the final result is positive the tide occurs 
later at the secondary station than at the reference station, if minus 
it occurs earlier a t  the secondary station. It is readily apparent 
from an inspection of the equation that the time difference may ocly 
be obtained as a direct result of the time-interval differences in the 
event of both stations having the same longitude. 

Even Ketchikans P 6-year series value for the greatest range mfty be 

16. THE TIDE ALONG THE OUTER COAST 

As shown in Figures 12 and 13, tidal stations have been well distrib- 
uted from the southern extremity of Prince of Wales Island along 
its outer coast and amongst the numerous smaller islands bordering 
It, and north through the outer bays of Baranof and Chicliagof Is- 
lands to Cross Sound. The data, obtained from the niiiiieroiis sta- 
tions afford a comprehensive study of tidal action along the 250- 
mile extent of southeast Alaska’s outer coast. I t  is true that the 
period of occupation of tlie majority of these stations was short, so 
that the results obtained from such can not be accepted as being free 
from small errors ; but these errors have been minimized by correct- 
ing the tidal values derived at the short-period stations through com- 
parison with the bettcr-dct~rminetl values of such stations t is Retch- 
ikan, Craig, or Sitka. Tlicse ticlnl values for :dl the outer corist. 
stations are listed in Table 22. 





TABLE 22.-TidaE data, Outer Coast ( f ixon Entt-anceCape Spencer) 

f 0 ,  Ig ii g 
:i % 

1g 2;. 
lg 

1g $ 
ii 
$ $ 

1g 

CI 
0 m Geographic 7 position 

~ ~ _ _  __ ~ 

Prince of Wales Island and ricinity 
}Nichols Bay ...................... I ................................. 

}Minnie Bay.. ........ .: ........ -.'.. ................................ 
} T & B ~ Y  ......................... I .................................. 
}clam Cove.. ..................... Gassa Inlet-. .................... 

}Coppermount.. .................. Betta inlet.- .................... 

}Sulzer. ........................... 1. ... .do.. ......................... 
}Tide Gauge Bai-.. ............... Sukkwan &trait .................. 

}Hassiah Inlet ................... ..I. .................................. 

}KeeteInlet .......................................................... 

}Sukkwan Saltery ................. .____do .............. ...--: ....... 

Station Lorality 

1g !?, $- /)Kazook Inlet. ................... .I 

Ig 2; % l}Ameriean Bay .................... 

Sukkwan Island. ................ 

Dall Island.. .................... 

Lunitidal 
intervals 

~ _ _ _  

HIT1 LWI 

__ .~ 

Hours Hours 
0.32 6.41 

.18 6 29 

.22 6.37 

11.85 

11.85 

10.50 

10.75 

10.20 

.I4 

.oo 

.42 

.35 

.22 

.37 

.31 

. 11 

.31 

.51 

.21 

.24 

.02 

.36 

.31 

.26 

........ 1917 , ........ 

........ 

........I 1917 

........ 1 1517 

6.34 

6.23 

6.52 

6 48 

6.49 

6.46 

6.46 

6.45 

6.49 

6.74 

6. 19 

6.27 

6. 27 

6. 54 

6 55 

6.36 

__ 

Jura- 
ion of 
rise 

Hours 
6.33 

6.31 

6.27 

6. 22 

6. 19 

6 32 

6.29 

6. 15 

6.33 

6.27 

6.08 

6.24 

6. 19 

6.44 

6.39 

6. 17 

6.26 

6. 16 

6.28 

__ 

Mean 

__ 

Ferf 
10. 90 

10.18 

10. I3 

9. G9 

9. 91 

10.77 

1 l . G  

11.18 

10.71 

10.53 

10.26 

10.18 

10.18 

9. 54 

8.74 

8. 51 

7.95 

7.71 

10.67 

Ranges 

freat 1 Great- 
iurnal, est 

I 
Peet ' Fret 
15.67 1 20.3 

I 
12.52 1 16.4 

11.94 ' _ _ _ _ _ _ _  I 

~ -~ 

Observations 

Series 

~ 

Year 
1920 

1909 

1909 

1905 

___ Standard station 

.ength 

Days 
58 

60 

60 

Ketchikan. 

Tah Bay. 

Skagway. 

5 Sitka. 

8 Do. 

4 Craig. 

9 Sitka. 

5 Do. 

59 Juneau. 

3 Ketchkan. 

2 Tide Gauge Bay. 

3 Craig. 

6 ,  DO. 

3 ,  Do. 

3 I Do. 

9 Do. 

8 Do. 

45 Do. 

33 Tide Gauge Bey. 
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....................... ................... I .OO 

. O S  

/. ......_ _...... 

.03 

12.23 

.31 

.05 

.15 

. I2  

. 32 

I1 

2 i  

21 

, A 4  

._ 

I 
6.32 6.23 E.63 1 l . l G '  16.0 Ketchikan. lY23 1 58 

3 Shakan Dock. ........ 6.21 6.21 8.56 10.93 1 1922 

.... 9 Port U-alter. 

60 Ketchikan. 

6.16 6.34 6.58 11.Ifi ~ 18.5 1916 - 
6.12 6.28 8.22 10. 95 : ~ . ~ -  1523 

6.12 1 6.30 , 7.51 9.65 13.0 1924 34 Sitka. 

6.20 I 6.30 7.65 9.92 ~ 15.1 1924 

6. 16 

6. 12 

6.59 

6.20 

6. 25 

ti. 28 

fi. .M 

6.30 

fi. 32 

fi. 19 

6. 34 

~ 

6. TI9 

6. 11 

6. 14 

6.27 

6. 32 

ti. 25 

6. I8 

6. .53 

fi. 35 

6 44 

6.42 

i. 8J 

i. 40 

7.47 

7. 66 

7 . 6 i  

8.  5 ;  

8.22 

7 .  55 
- -- '. ( 3  

i .  i 8  

8.3; 

10.17 ....... 

9. 61 

9.65 

9. 92 

9.88 

11.02 

10.35 

10.38 

11) flG 

10.00 

Nr. .ii 

....... 

1s. 1 

1s. 9 

13.4 

1924 

1524 

1925 

182i-1925 

1886 

13.0 I I"? 

13.1 ' 1Wfi 

...... 1917 

...... lBli 

....... 1917 

15. S ~ 1517 

3 Do. 

7 Do. 

60 I Do. 

365 Ketchikan 

30 Sitka. 

29 Do. 

55 L h  

6 Craig 

25 Do 

14 Mmer Island 

29 Craig. 

- - - - _- 

w 
00 

9 
m 
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From (‘ape Miizon in Dixon Ihtranct. to Hill Island a t  the 
enti-ance to Lisianski Strait thg outerniost stations, those at which 
open-ocean tidal contl itioiir may be ex ected. exhibit mean range 
 dues varying fi*oirr 7.40 feet to 10.18 P eet. Even though the most 
of thew stations haw of necessity been established within bays rather 
than on the seacoast, their locations have heen so chosen in wide- 
mouth deep-water 1~: i .y~  that there is practically no divergence be- 
tween the titlal clixi*ac.twistics at tlie ctation and iminediately without 
the bay along the open seacoast. 

An  examination of the ~liarilctt~l*istic.- tit the ontennost stations 
discloses tlic existenc~e of certain definite variations in the mean range 
along the const. Froiir 10.18 fwt  :tt Cape Mnzon the range steadily 
tlwrcases n ~ J I * ~ h \ V : l l Y ~  along tlie outer (mast- of  Dall ant1 Sric.int.;. 
Islands to n ~ n i n i r n i i i t r  of 7.87 feet a t  Port S:int:i Cruz on the south 
coast of Soyes Islantl. Froni this l a d  4ntion the mean range coni- 
nienc~c to inweasc to the northward along Maurelle ancl Hecnte 
Islantls until it ntt ains 8.98 feet at Pole Anc*horuge, on Kosc.iusko 
Islantl‘s oritt~rirrost mast. Egg €birl)or, on C‘oronntion Island. wliich 
is farther o i i t  toward the open sea, exhibits a lessened mean range of 
8.22 fect. -\long tlre se;icoust of 13aranof Island the mean range 
varies but slightly from station to station, excepting for the higher 
\-allies derived for Slocnni ,Irin and Colenian Cove. 

Tlie tidal itittioris located throughout the haps and passageways of 
the west (wts t  of J’rinw of W:iles Island antl tlie inner coasts of the 
smallci- idnntls to  tlic westwttrtl are liddt. to  influences that tcml to 
affect thcii. titlal (.li~t,;t(.tei.i~~i(,~. A s  C’ortlovn Day divides to for111 
’i’levak Sti’ait, Siikkwniri Strait, Hetta Inlet. and other long, narrow 
\vater\v:iys. the v o l i i n i e  of the rising title is constricted ancl the water 
surface heiylrtrnetl :is tlre wattirs flow into antl tilong the nai*rowing 
pas5ages. ,Is the watcw trim to How outwarcl with the falling tide, 
the flow p i ~ ~ g r ~ ~ s s w  into 1):iss;iges growing st catlily larger, so that the 
o u t ~ ~ o r ~ n ~ l  ti(Iti1 witers are prriirittetl free ancl iinrcstrictctl passage. 
’I’hns f h ~  falling titlr is en:il~lctl to attain the lowest plane. I t  is in 
thcw W L ~ S  that tlie tidal ranges ;it the innrr stations are increased. 
(‘opperinoiint antl Siilzer, in Hetta Inlet, illiihtrate these facts very 
well, their mean rangcs of 11.03 :~nd  11.18 feet, rcqmtively, being 
nr:Lterially pr.ratcAr than the i‘angt’s at the tidal stations immediately 
to the south d o n g  the wider ch i ine l  nearer the sea. 

AUl along i’rinw of Wdcs Island the stations farthest rcwovtvl 
from the o p n  o(+eiin exhibit this same increase in rnean ranw over 
that foiin(1 ;it t h e  oiitrrmost sttitiom. ,Inother illiwtration of thi:, f:u*t 
is shown liy the stations piwgresAng inlantl from Hecate 1sl:intl 
toward :ind into PI (hpitan Ptissage. 

The Tinit. i*t~latjons give evitlcnce of c*onsitltw~ble similarity over 
clefinit(. stretches of the outer coast. At the great majority of sta- 
tions from (’ape Muzon northward to Soyes Island tlie tlrirtition 
of rise js consistently longer. than for the stations from Soyes Island 
northward to  Whitestone ?iit~-rows, 12aranof Islanil. For the lower 
group the tiverage value of the duration of rise is found t o  be 
6.25 h0iii.s. whereas tlie average for the niore northerly group is 
hut 6.08 hours, 0.17 hour less. Continuing north from Whitestone 
Nt~rrows d o n g  the outer coast through Lisianski Strait the duration 
( ~ f  ri>o again inc~rcasos to ti11 average value of 6.30 hoiirs. 
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There are bv+, two outrr coast stations of 1ong-pci.iod obserra- 
tion$-one on Prince of Wdes Islantl and the other on Baranof 
Island. Craig, on the former island. l iw been occupied as H. tidal 
station over u total period of almost, fonr years, two ot  vhicli fornietl 
an iinijroken series of observations. Sitlrti, on Uar~nof Island. ha:, 
been occu i d  for 21 months of continuons observations, only 12 
niontlis o f which were uviiilable for the purpose of thi:, volume. 
These two tidal stations, together with Jiineau, Slragway, and 
Kctchilran, are the only stations in wiithwst Alaska at which the 
Iwriod of continuous observations werp in excess of a gear. As such. 
the values derived as the tidal characteristics :kt  these places are to 
be accepted as more reliable than those derived from the iiiuny 
shorter-period tide stations remaining. Therefore, in so far as simul- 
taneous observations were available a t  any of these five major 
stations, their tidal rallies have been used as standaids of comparison 
with which to correct the direct observational v~l i ies  of thcse other 
stations. 



TABLE 23.-Tidal data-Revillagigedo Channel, Portland and Behm Canals 

1z 2 g 

i Lunitidal I I intervals 

! 
}Sakat Harbor .................... i Nakat Bay ........................ 

Reuillagigedo Chanml 
.29 

Station Geographic 
position 

lg }Kah Shakes Cove-. 

% )Vixen Bay-. 

............... Mainland ......................... 

...................... B o a  de Quadra ................... 

...................... Duke Island ...................... 

...................... Cat Island ......................... 
........ ...................... 

.................. .! Annette Island .................... 

Mary Island 

....' Carroll Idlet ................. .................... ,g 2% }Gnat Harbor 

_- Locality 

HWI 

.16 

.33 

.45 

10 

.25 

.37 

.42 

LWI 

Hours 
6. 70 

6.58 

6.29 

6.45 

6. 60 

6. 38 

6. 35 

6.48 

6. 38 

6.36 

ti. 41 

ti. ?4 

G. .U 

6.37 

6.42 

6.37 

6.45 

6.30 

Hwurs , Feet 
6.14 13.37 

6.13 13 33 

6.20 

6.38 

6.30 

6.59 

6.29 12. 85 

6. 30 12. 54 

6.27 13.26 

6.14 12.72 

6.44 12. 96 

6. 19 12. 94 

6.46 12.36 

6.96 12.86 

6. 12. Y8 

6.46 13. 11 

ti. 34 13. 42 

G.62 I 10.87 

13.42 

13. 58 

13.53 

12.51 
__ 

Feet 
15.95 

15. 53 

15.36 

14.79 

15.11 

15.46 

15. 24 

15.18 

15. I2 

15 42 

_ _  
Great- 

est 

FpPl 

20.2 

21.8 

20. 5 

21. 5 

22.5 

3.6 

1.1 

24. 6 

15 13 .... 

15 71 229 

16.12 

15.95 '---;.-; 
15.13 __._ __. 

, 

__ __.-~ __ __ __ 
I ___--- Observations 

Series 
- 

Years 
1888 

1853-1912 

1915 

1892 

1892 

1915 

1882 

1882-1915 

1891 

1910 

ls(wi-1924 

1882-1914 

1w5 

1891 

1905 

1891 

I891 

1891 

Standard ststion 

Dag9 ' 
19 Somervllle Bay Bnt- 

ish Columbd. 
39 Kodiak. 

I 

22 , Ketchikan 

75 ' Ketchikan 

13 , I ) .  

15 Skagwa) 

2,660 (I)  

Ketchikw 
Clam Cove 

h Yes Baq. 

18 1 (9. 
29 ' (9. 

29 I (9. 

9 1 Burroughs Bay. 

1 Tidal constants not corrected by simultaneous observations. 
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17 I HE TIDE IN REVILLAGIGEDO ,CHANNEL, PORTLAND A N D  BEHM 
CANALS 

The tidal stations for this section, as listed in Table 23, are, with 
I lie sole exception of Ketchikan, all short- eriod stations, for the tidal 

ticcount the greater likelihood of inaccuracies in such values as have 
not been corrected by comparison with the mean values of standard, 
or longer-period stations. Variations in tidal values are therefore to 
be expected between adjoining stations at which the observations 
were made during different years or different months of the same 
year. The annual variations in mean range and in the time inter- 
vals, as shown by Figures 3 and 11, will serve as illustrations of this 
statement. The greatest deviation from the mean value which might 
be expected is shown by the vnlue of the mean range derived at  Con- 
venient Cove in Behni Canal. This value is obviously too low, for 
there are no unusual shore-line configurations or natural causes to 
which this small range value might be attributed. Four near-by 
stations subject to similar tidal conditions exhibit but minor devia- 
tions amongst the respective values of mean range. The lack of 
agreement of this one tidal constant derived from an 18-day series 
of observations which was not possible of correction by comparison 
with some standard station value shows very strikingly the possible 
effects of combined astronomical and meteorological conditions upon 
short-period tidal observations. 

Comparing the mcan-range values derived for the Revillagi~edo 
Channel stations, there is found to be very slight differences From 
the standard Ketchilian value of 12.98 feet. Morse Cove shows a 
maximum variation of 0.28 foot in excess of the Ketchikan range. 
At this subordinate station the series, though two months in dura- 
tion, was very broken and also could not be corrected by simulta- 
neous comparison. 

Omitting the Convenient Cove station, the mean range values 
derived from the four stations along the vest arm of Behm Canal 
are consistently higher than the mean ranne along Revillagigedo 
Channel. This increase may be attribute8 to the lifting efect 
exerted by the converging shores of the canal upon the volume of 
water forced in by the rising tide which flows in from Clarence 
Strait. The outgoing or falling tide, flowing as it does into steadily 
enlarging channels, is permitted a free and unrestricted flow that 
attains its minimum at low-water stages. Similar conditions are 
found at  the Halibut Bay station in Portland Canal. 

The greatest ranges observed approximate twice the mean range 
throughout this area, which fact only emphasizes the great import- 
ance of allowing for this extreme rising and falling a t  the time of 
storm tides when planning water-front construction in these 
localities. 

The lunitidal intervals and the duration of rise are too much at 
variance to permit drawing any facts as to changes in the time of 
the tides along these wttterwags. The  variations are not extreme, 
the maximum difference being 0.49 hour, but there is not sufficient 
uniformity amongst the time relations to allow a discussion as to 
the causes of the variations. This same lack of uniformity is 
wnl tno i i  t i t  : i l l  shrt-period tidal stations, the tliiration of rim 

values of which allowance must be made f or small errors, taking into 
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seemingly remaining more nearly constant than do the lunitidal 
intervals. Neither of the time relations are as dependable, however. 
as are the values of mean range. 

It vi11 be noticed that two tidal stations without the limits of 
southeast Alaska have been used as standards with which to com- 
pare certain local stations. Of these two stations, Somerville, 
British Columbia, and Kodiak, southwest Alaska, the former is 
nsed but this once, whereas the latter station has been frequently 
used in the derivation of the forthcoming tidal data. I n  the early 
years of tidal work in Alaska, from the year 1882 to 1906, the tidal 
station at Kodiak was the only long-period station throughout the 
Territory, in other words the sole standard station which might be 
used to compare subordinate observations. 



TABLE 24.-Ti& data, Clarence Strait 

__ I  

Feet 

14.19 

14.09 

13. i 3  

13.85 

14.41 

13.44 

- - - - -. 

. . . . -. 

15.34 

15.56 

15.99 

15.68 

15.12 

16.03 

16.52 

I I 

~~ 

Feet 
...._..._.... 

.....-- 

.... _ _  

...-..- 

..--..- 

.....-. 

._____. 

. - - - -. - 

. . . . . . . 

__..._. 

....... 

._____. 

_ _ _ _ _ _ _  
_____._ 

-.-...- 

___.___ 
I 

Station Locality 

I 

0 1  

1g $ 
1$ $ 

Weat ahorc of Clarence Strait 

l}McLesn Island _......_____..._... Prince of Wales Island ...._... ...- 
(}Gardner Bay __________.__________ .___-do ....-...______...._..-.-.--- 

A m  _._____._.___._......... {"z%:k Bay, prince Of wales 

Bay ______.________._..... Prince of Wales Island __...._._.. 

-4nchorage .___ -. . . . . . . . . :.---do _.___. . . . - - - - - - - -. . . . -:. . . . ~ 

Lunitidal 
intervals 

HWI 

Hours 

0.30 

.04 

.li 

.30 

.24 

.32 

.04 

' .% 
.32 

.I1 

.m 
1 .31 

.39 

.63 

.69 

t .a 
t -33 

.44 

__ 
LWI 

burs  

6.30 

6.30 

6.25 

6.40 

6.44 

6.56 

5.94 

6.21 
6.41 

6. 18 

6.58 

6.30 

6.47 

6.78 

6.62 

6.38 

6.36 

6.41 

__ __ 

Dun\- 
ion of 
rise 

Kours 

6.42 

6. 16 

6.34 

6.32 

6.22 

6.18 

6.52 

6.49 
6.33 

6.35 

6.04 

6.43 

6.34 

6. '27 

6.49 

6.32 

6.39 

6.45 

Ranges 

Mean 

Feet 
11.87 

11.85 

11.87 

11.82 

11.94 

12.29 

11.80 

12.06 

12.52 
12.86 

13.12 

13.15 

13.24 

12.94 

13.45 

13.93 

13.24 

13.29 

13.50 

13.67 

Observations 

Series 

Years 
1912 

19%21 

1912 

1921 

1921 

1912 

1905 

19051921 

1908 
1921 

1921 

1905 

1911-1924 

19fX 

1885 

1885 

1924 

1906191: 

1916 

1w)5-191€ 

~ 

ength 

Dags 
2 

24 

8 

5 

144 

16 

4 

11 

18 
12 

4 

7 

78 

13 

13 

6 

22 

15 

2 

133 

Standard station 

Juneau. 
Juneau. 
'Ketchikan .Menefee -4nchorage. 

Juneau. 

Menefee Anchorage. 

Kekhikan. 

Juneau 

h-iblack Bay. 

Menefee Anchorage 

Skagway. 
Ketchikan. 

Do. 

Yes Bay. 

'Ketchikan. 

Skagway. 

Kcdiak. 

Do. 
lYes Ray. 
IKetchikan. 
Ketchikan. 

Wrangell. 

Craig. CP cn 



TABLE 24.-Tidal data, Clarence Strait-Continued 
-.__________ .. - .- ~~ ~ -~ ~- ~ _~ ~~~ 

_ _ ~  

I Lunitidal I intervals 

I 
1 HWI LWI  

I 

Station Locality 
~ 

~ 

Geographic 
position 

~ ~ ~ -~. ~~- 

East sbore of Clarence Strait a ,  
~ Hours Hours 

Ryus Cove ____._. . .....___ ~ .... Duke Island .__...__._ ~ _.._._..._. I 0.23 6.33 
I 

otspur Island--. . .. ..... ._. . .. -. .._____.__..._.~-.-.___.__.____..__~I 6.38 

amgass Harbor ____. .--. _. -. . . . - ~ hnnette Island ... _ _ _  - __. -. .- .___ -.i 6. ;3 

k e t l a k a t l a  _______....___.. ....-- ~ .._._do ..________.___.___._-.--.----: .26 6.37 

.. . - ...... Grarina Island .____.___ .-...... . -. . ~ -  .. . . . ...--- -. 

1Vallenar Bay _____.... ~ -.......--. ..-.-do __._.__.._._.___.___--....--- . 19 6.14 

.30 

.63 

:i $ 

ig: $ 
$ )Dall Bay--. _____. .. .. 

Cleveland Peninsula .____..._.___ ~ .18 i 6.22 

Inlet --..... ~ ._.....___. Etolin Island ...__._...__. _ _ _  .31 j 6.40 

.38 ~ 6.43 

Anchorage .._._.......___. Kear Onslow Island .___._____..__. .62 6.6i 

_____...._..._....__. ..___ do ... _...._.._.....__..._._._.. .35 ~ 6.39 

.. . .-.. _ _  . --. .___. do--.. -.___..__...._..__.__.__. 

Ernest Sound-. . -. -. . .~. . .. .-. .-. . ...__ .. -~.. . -. . .39 6.39 

._... do-.. ._..__.__._...__..__-..-.. .28 6.32 

i Blake Channel ._.._ ~ . _  __.._.__ .-. . .32 6.40 

Kmrs , Feet Feet 
6.32 12.53 14.95 

6.34 1 12.46 14.88 

6.32 12.76 

6.31 

6.47 

6.38 

6.3i 

6.33 

6.38 

6.37 

6. -12 

6.38 

6.34 

__ 

12.34 

18.00 

12.98 

13.77 

14.08 

14.08 

13.89 

14.02 

13.90 

13.63 

13.95 

15.37 

14.62 

21.86 

15.47 

16.36 

I 

I 'g:t-~ Senes lLength 

__ 

&et Years Days 

. - .. 1914 15 

..- . 1883 19 

21 9 1883-1914 164 

22.0 1915 , 58 

I 

..- - 1906 ' 4 

..- 1921 12 

. 1885-1922 66 

16.52 ....-.- 1886 , 17 

16.42 ..-.-.- 1916 23 

16 35 ... _.__ 1913 15 

Standard station 

Ketrhikan. 

Do. 

Kodiak. 
Kodiak. 
,Ketchikan. 
(9. 
Ketchikan. 

Menefee Inkt .  

Kodiak. 

Lake Ba)-. 

Ketchikan. 

....- 21 2 1 S 1 9 1 5  31 DO. 

16 25 . .. 1916 

15.i6 25.0 1922 145 Eetchikan. 

16 77 .. _ _  .. 191c1922 

2 Wrangell. 

% rangell. 
enefee Inlet. 6 {%I 

1 Tidal mustants not corrected by simultaneous observations. 
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IS. THE TIDE IN CLARENCE STRAIT 

The tidal stations established along this waterway are plotted on 
the chart of Figure 15 and their respective characteristics listed in 
Table 24. None of these may roperly be termed long-period stik- 
tions, as the maxinium length o f series a t  any one station is that of 
five months’ observations at Metlakatla. Menefee Inlet, Menefee 
Anchorage, and Lake Bay are other stations with series almost :IS 
long. 

All but one station alono Clarence Strait permitted of correction 
by comparison with siadtaneous values obtained at some longer 
period, or standard station. The direct results obtained at  this SLB- 
tion in Dall Bay, Gravina Island, serve to illustrate the extreme diver- 
gence from true mean values that may be obtained through unconi- 
parable observations made a t  periods of extreme tides. The mem 
range as derived from the four days’ observations a t  Ilttll Bay, equals 
18 feet, some 5 feet in excess of the reasonable mean range for that 
locality. These observations were taken from June 5 until June 9, 
1906, during which period there occurred a perigean moon on tlic 
5th and a full nioon on the 6th, both phases causing large tidal 
ranges. By adding the respective phase awes, as derived for Ketc1:i- 
kan, to obtain the tiines of the spring and t%e perigean tides, they are 
found to occur on the sanie day, the 7th. Both are tides of large fluc- 
tuation in themselves, and in this instance their combined effects 
were mainly responsible in bringing about the extreme mean r:ingc 
recorded at Dall Bay. 

the steady increase 

Entrance to 14.02 feet a t  Steamer Bay, 90 miles northward through 
Clarence Strait. This %foot increase in the mean range aloiig the 
strait is explainable by the resistance offered to the rising tide flow- 
ing in from the large iiiaw of Dixon Entrance, as its volume is con- 
stricted by the narrow passage afforded it by the strait. As in Uelirn 
Canal, here, too, the constriction of the incoming flood tends to 
increase the heights of the hi h waters, thereby increasing the mean 

Clarence Strait the flow coming in from Sumner Strait through 
Snow Passage offers an o posing force. A study of the current 

conflicting flows combiniw and veering off in an easterly direction 
through Stikine Strait. T%e interruption and consequent combining 
of these two opposing tidal flows form a factor accounting for tho 
increased height of tide at near-by stations such as Steamer Bay. 

There is  a noticeable difference in the range values on either side 
of Clarence Strait along its lower stretches-the stations on Sealed 
and Nichols Passages having mean ranges averaging 0.0 foot greater 
than have the stations westward across the strait on Prince of Wales 
Island. 

This increase in range on the eastern shore of Clarenco Strait is 
to be attributed primarily to the earth’s rotation, which im resses 
moving bodies in the Northern Hemis hero with a force de B ecting 

the strait the water is deflected toward the mght-hand or eastern 
shore, tending to raise the height of the high wsters along that shore 

An interesting tidal action is nianifested b 
in the mean range from 11.87 feet at Mac E ean Arm in Dison 

range. Then as the tidal f f  ow approaches the northerly end of 

tables and diagrams inch  x ed in this volume will show these two 

them to the right, Thus on a rising ti c f  e flowing northward through 
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above those along the western shore of the strait. Similarly on a 
falling tick. as the waters tire flowing southward, the deflection 
would force thcni to the right, and in this instance the western shore, 
thus tending to lower the height of low waters along the eastern 
shore. Therefore the mean tidal range on the eastern side of Clar- 
ence Strait ih increased as compared with the range on the western 
side, both by the high and by the low stages of the tide. 

The hinitidal intervals me not sufficiently consistent over this area 
to dram any conclusions therefrom. TJnlike the mean range, they 
do not, cxhilit any definite variations. I f  the time of the tide 
changed whilc the range remained fairly constant along Clarence 
Strait, it might be expected that the wave action was of the pro- 
gressive type. If thcsc conditions wcre rcrersetl and the time wcre 
thc constant qiinnti ty, n stationary type of wrare niight be expectetl. 



TABLE 25.-Tidal data, Surnner Strait and contiguous waterways 

~~~ 

Mean 
- 

Feet 
8.98 

9.70 

9.67 

9.71 

10.60 

10. 26 

11.18 

10.31 

11.59 

11.16 

12. il 

2;;;; 
. 

Feet 
11. 16 

11.93 

11.i3 

11.i2 

11.87 

12. 60 

14. 10 

12.37 

13.96 

13.36 

15.03 

Lunitidal 
intervals 

.~ 

Hours 
6. 16 

6.32 

6.25 

6.40 

6.66 

6.34 

6.39 

~ 

HWI 

Hours 
6.34 

6.41 

6.31 

6.33 

6. 16 

6.32 

6.25 

Hours 
0. 08 

.31 

. 14 

.31 

.42 

.24 

.a 

.26 

.59 

. :KI 

. 39  

.3i 

. 43 

. %  

. 5 3  

.40 

o t  

lg iz % 
1: g. 
1$ 2 $ 

LWI 
__ -. -~ 

! 

}Pole A4nchorage ................... Kowiusko Island .................. 

)High Water Island ............... ' Shakafl Bay ....................... 

~~ . . ~~ ~ 

}Shakan Dock.-. I 8 -  _ ___do  .................. ............................. 

DlUX- 
tion of 

rise 

___ 

Ranges 
__ 
3reat- 
est 
__ 

Feet 
18. 5 

.____-  

17. 5 

._____ 

._____ 

18.6 

17.6 

..__.. 

...... 

...... 

cn 
0 

Observations 

Series 

Years 
1916 

1915 

188&1923 

1922 

1886 

1866-1915 

1912-1915 

1892 

1886 

1925 

1Ylti 

.-. _ _ _  191s 

___._._, 1925 

21.5 1916 

26.5 1882-1916 

.......I 191€-1922 

Standard station 

Days 
15 

6 

73 

23 

7 

124 

8 

29 

25 

3 

20 

4 

4 

c: 
Craig. 

u, 
Port Protection. 

0 
Ketchikan. 0 * 

111 
ti Shakan Dock. 

* Kcdiak. 
2 
U Craig. 

Port Protection. 0 
m 

('1. 0 
U 

Kodiak. .- 
Ketchikan. 

1,ake Ray. 

m 

2 
? 

2 
Wmngell. a 

4 - Ketrhikan. 

1 Tidal constants not corrected by simultaneous observations. 
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19. THE TIDE IN SUMNER STRAIT AND CONTIGUOUS WATERWAYS 

The tidal stations along Sumner Strait and the smaller passages 
adjoining are plotted on the chart of Figure 16, their character- 
istics are listed in Table 25. Of these stations, Wrangell’s 220 days’ 
observations constitute the longest series at any one station in this 
area. The tidal values for this and the other stations, excepting 
Seclusion Harbor, have been corrected by comparison with standard 
long-period stations. 

As in Clarence Strait, so along Sumner Strait does the mean 
range increase as the distance from the sea increases; varying from a 
value of 8.98 feet for Pole Anchorage a t  the sea entrance of the 
strait to 13.99 feet at  Wrangell and 14.09 feet at  Olive Cove, the 
farthest inland station. 

The greatest range of 26.5 feet at Wrangell was derived from an 
extreme high water in September, 1887, which rose to 29.2 feet on 
the staff, and an extreme low water of June, 1886, that fell to 2.7 
feet on the same staff. It can not be expected that these extremes may 
not be exceeded at some later date, especially as these observations 
w r o  recorded during sumniw months when tidal conditions are 
tioftil)Iy IiioI*c d111)Ic than in the winter. 





TABLE 26.-Tidal data, Wrangelr! Narrows 

Grographic ' 
position 

I 
Station tionol __-__ _- 

Hnurt Hours , Feet Feet 
6. 50 I 6.46 12.85 15.27 

6.46 6.45 12.77 14.91 

.._._. 

7. 04 

i. 09 

6. 92 

5. 95 

6.18 

___..__. 14 04 .__ .. 

6.00  14.13 16.45 

14.13 16.59 

13. 53 16.05 

_ _ _ _ ~  

_- Standard station I 
Series [Length 

~ _ _ _ - ~ _ _  

Years 1 Daui?4 Petersburg 
Feet 
-.. -. 1925 

. -... 1910 I 4 no 
I 

. 1925 , 4 Do. 

21 8 1886-1910 1 31 D O  

.- 1910 6 I Yo. ' 
_- 
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20. THE TIDE IN WHANGELL NARROWS 

Wrangell Narrows is a 20-mile navigable passage linking Sumner 
Strait on the south to Frederick Sound on the north of Kupreanof 
and Mitkof Islands. For vessels bound through the Inside Passage 
to Petersburg, Juneau, or Skagway, the use of this highway permits 
a saving of some 75 miles from the distance that otherwise must 
be traveled via Sumner and Chatham Straits. 

The constricted passage with its attendant strong currents requires 
the larger steamers to run the narrows at times of slack water. The 
shoal near Petersburg limits the use of the narrows to high-water 
slack only in the case of the largest vessels. For many reasons a 
thorough knowledge is necessary of the tidal and current action 
throughout this small but commercially important waterway. 

Figure 17 shows Wrangell Narrows with the location of the 
various tidal stations that have been occupied during different years 
from 1886 to 1925. The characteristics of the tides at  these different 
points along the watervay are listed in Table 26. 

With the exception of the tidal series at  Petersburg the observation 
periods are all short, although t<he Finger Point and Point Lock- 
wood stations were occupied for sufficient lennths of time so that 
the characteristics derived for these compare Favorably with those 
derived a t  Petersburg. Even omitting the results of the other 
shorter-period stations, the three stations already named, located as 
they are at  the extremities and the middle of the narrows, w e  ideal1 
situated to illustrate the changing characteristics of the tide throug 
the length of Wrangell Narrows. 

I n  this long tidal channel of fairly constant cross-sectional area, 
fed simultaneously a t  either end by the rising tide, the mean range 
tends to increase from the ends toward a point midway along the 
waterway. As the conflicting tides flow in from Surnner Strait 
and from Frederick Sound there is brought about a gradual in- 
crease in the heights of the high waters progressing inward from 
either entrance to the narrows. This increased height attains a 
maximum at the meeting place of the tides near Finger Point. This 
increase is due to the constriction of large volumes of water and the 
consequent lifting of the water surface as the tidal flow ie  forced 
through the narrow channel. Near Finger Point this effect is ac- 
centuated by the opposing tidal flows from the north and south 
entrances meeting and tending to further heighten th3 water sur- 
face. The falling tide, being unrestricted in the flow from Finger 
Point outward through the north and south enlrnnces, is thereby 
allowed to attain its lowest depth throughout the length of the 
narrows. From the foregoing discussion the reason is appartint 
for the amplification in tidal range from the entrance to the vicinity 
of the meeting ticks near Finger Point. 

/The duration of rise decreases from either entrance of the nar- 
rows to Pinger Point, the value for the latter station being 0.46 
hour less than at  Point Lockwood, and 0.18 hour less than at  
Petersburg. This is a similar effect to that found wherever the ris- 
ing tide is restricted and the falling tide unrestricted in flow. As 
in rivers influenced by the tides, where the river current oplmsing 
the rising tide shortens its duration of rise and flowinn with the 
falling tide lengthens the duration of fall, so in WrangeTl Narrows 

E 
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the opposition offered the rising tide both through the constricted 
channel and the conflicting flow from either entrance shortens the 
rising tide, and therefore lengthens the falling tide. 

These characteristics of the tide as regards the range ant1 duration 
variations serve as proof that the tidal flow in Wrangell Narrows 
is not hydraulic. This type of tide would result if the tlifference 
in, elevation of the water in Sumner Strait and Fretlcrick Sound 
was very marked, as such a difference in height ~voidcl make Wrangell 
Narrows a connecting channel through which the water w o i i l t l  flow 
from that body having temporarily the higher level to that one 
having the lower. Were this fact triie in a waterway of fairly 
constant cross section, the range would exhibit different variations 
than it does, as it woiild decrease steadily along the channel from 
13.53 feet a t  Petersburg to 12.85 feet a t  Point I~ocltwootl. In  a 
like manner the duration of rise woulcl shorn a corresponding de- 
crease from Petersbiirg to Point Loclrwooil. 



TABLE 27.--Ti&Z data, Frederick Sound and Stephens pas5age 

Days 
15 

3 

60 

16 

53 

20 

5 

13 

27 

11 

I Geographic 
position 

Kodiiik. 

Petersburg. 

(9. 
Ketchikan. { Spray Island. 
Ketchikan. 

Kodiak. 

CIeveland Pass. 

Taku Harbor. 

Do. 

(1). 

Sitka. 

Station Locality 

Lunitidal 
intervals _ _  

EWI LWI 

Hours 
6. 7s 

6.78 

6.62 

6.90 

6.93 

__ - 

D W -  
ion of 
rise 

IIours 
6.20 

6. 20 

6.27 

6.21 

6.24 

6.72 6.19 

6 50 6.39 

6.51 6.40 

6.62 6. 28 

6.75 ' 6.39 

6.40 , 6.63 

6.68 6.30 

6.58 6.40 

6.60 1 6.29 

6.56 6.24 

6. 62 6.29 

6.72 6.24 

6 72 6.24 

6.83 6. 15 

I 

Mean 

Feet 
13.52 

13.33 

13.49 

13.38 

13.63 

13.06 

11. 70 

12.59 

12.59 

12.69 

13.15 

12.65 

12. i2  

12.98 

12.98 

13.15 

13.80 

13.56 

13.75 

Series 

Years 
1887 

1910 

1W 

1923-24 

1887 

1882-1887 

1899 

1920 

1920 

1899 

1889 

1899 

19%21 

1920 

18894920 

1888-1921 

1911-1921 

1890 

1917 

_ _  - 

Stsndard station 

, 
34 

290 

570 

13 

116 
- 

Do. 

. Do. 

Ketchikan. 

(9. 
Kodiak. 

Skagway. 
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21. T H E  TIDE IN FREDERICK SOUND AND STEPHENS PASSAGE 

Frederick Sound receives the rising tide as it flows in from the 
open sea through lower Chatham Strait. From the sound a part of 
the incoming flow is diverted to the north through Steplienb Passage, 
the remainder flowing southeasterly toward Dry Strait at  the head 
of Frederick Sound. The tidal stations along these two waterways 
are plotted on the (har t  of Figure 18, and their individual rhar- 
acteristics listed in Table 27. 

‘I’licse two large waterways afford deep and unrwtricted passage 
for the tidal flow, except for a gradual narrowing of both water- 
ways in the direction of the rising tidal flow. These slight con- 
strictions result in the usual increase of the titlnl range from the 
wider entrances toward the nnrrower heads of the passages. I n  
Frederick Sound the mean range increases froin 11.70 feet at Eliza 
Harbor to 13.52 feet at Ideal Cove near the north end of Dry Strait. 
Through Stephens Passage there is a steady increase from 12.65 feet 
a t  Cleveland Passage just north of Cape l~ansliam to 13.15 feet at 
Taku Harbor 55 miles northward. Jiinem, still farther to the north 
and situated at the inner end of narrow Gastineail Channel, shows a 
;Treater increase, the mean range there equaling 18.80 feet. 

As the tidal constants derived €or Juneau were obtained from a 
series of observations extending over a year’s time, they may be 
considered as mean values subject to but slight change. It is noted 
that the duration of rise vnlues for the other stations of these water- 
ways do not vary apprccinbly from the ,Juneau value of 6.24 hours. 

Junean is onr of the few tic1:il stations through southeast Alaslts 
a t  whicli (htmbes i n  the c.liartictcristics of the tide inight be ex 
pected because of fhysical changes in the waterways. Just  to thr 
south of Juneau t le waste rovk from t~ large gold st:mp mill is 
being dumped out into the channel to form a long breakwater which 
narrows the channel ancl t1hm restricts the tidal flow. At present 
this rock mole has been extended normal to the shore over one- 
quarter-wa across the channel. This artificial barrier to the waters 

ohtainetl a t  Juntwi from a year‘s series of obw*vations matle in 1!)12. 

series of tidal observations grant data which may be compared wit f 1 
This assumption may only be proved when in later years other lon 

those €or the year of 1912, a t  which time Gastinem Channel was not 
so obstructed. 

will undou z tedly exert influences tending to alter the tidal constants 





TABLE 28.-Tidal data; Chatham and Reku Straits 

I 
I 
1 

Locality Geographic ' Station 
posltlon 

I ___ -__ - - ~ 

Lunitidal 
intervals 

_ _  - - 

HWI I LWI 
__ 

Series 

.I5 6.30 

.19 6.49 

.3i 6 . 3 i  

.40 6.55 

45 I 6.10 

. I 4  6 49 

.33 6.48 

. i 5  6.90 

1.92 6 22 

.39 6.56 
I 

Lengtt 
- 

~~ ______ - _ _ _ -  
1 Tldal constants not corrected b y  simultaneous observations. 

l 
0 ,  

i: & /),or, Alexander ._.____...__._.____ 1 Baranof Island __________..__..__.. 

,," 2 g- l b o r t h  Port Walter _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 ___._do . _ _ _ _ _ _ _ _ _ _ _ . _ _ L _ _ _ _ _ _ _ _ _ _ _ _  

,," :i z- ;}Bay of Pillars, south arm __.______ j Kuiu Island _.____.. ~ _ _ _ _ _ _ _ _ _ _ _  .-- 
I 

=== 

Ranges 

Hotirs , Hovrs 
0 06 6.23 

.35 6.62 

. 3 6  6.26 

Dura- I 
ion of __ 
rise 

Mean 

6.15 

6.52 

6.27 

6.12 

6.42 

6.27 

6.77 

6.07 

6.27 

6.25 

6. 12 

6.23 

9.09 

10.11 

10.47 

10.26 

11.00 

11.02 

11.50 

10.95 

11.64 

10.i9 

9. 5 

12.26 

_ _  
Oreat 
iurna 

Feet 
11.52 

11.5 i  

12.34 

13.01 

13.03 

.___.. 

._____ 

13.51 

14. I0  

12. sa 
12.5 

14.59 

~- 

Great- 
est 

Feet 
15. 9 

16.3 

. . - - . - -. 
1923 ' 
1857 

1 b9i 

189i 

1692 

1852 

-..-... 1892 

_.____. 1S5i 

21.4 

I895 

I895 

1897 

1694 

200 

3 

16 

24 

15 

38 

3 

21 

144 

3 

19 

29 

_. - 

Standard station 

Sitka. 

hetchikan. 

Sitka. 

Do. 

Da 
(9. 
(9. 
Hamilton Bay. 

Sitka. 

(9. 
Killisnoo. 

Do. 

Sitka. 

- ~- -~ 
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2a. T H E  T I D E  I N  CHATHAM AND KEKU STRAITS 

The tidal stations located along these waterways are lotted on 
Figure 19, and their characteristics listed in Table 28. Tle scarcity 
of stations along the 120-mile length of Chatham Strait precludes 
an detailed discussion of the tidal action through this waterway. 

however, the .few stations do illustrate the usual range increase 
as the distance from the open sea increases. From 8.98 feet at  Port 
Alexander the mean range recorded at  the strait's stations gradually 
increases in value to 12.26 feet a t  Freshwater Bay on the north of 
the strait. 

The two tide stations within Kootznahoo Inlet show a consider- 
able lessening of the mean range as compared with that a t  the 
nearby station of Killisnoo. This fact may be attributed to the 
long narrow entrance of the inlet, blocked as it is with islands and 
shoals, acting as a retarding medium on the tidal flow as it enters 
and leaves the inlet. The influence of the 3-mile entrance to the 
inlet, averaging but 100 yards in width, is felt most strongly at the 
hfitchell Bay station. The waters in the bay, covering as they do 
an area of several square miles, are not permitted the fluctuations 
of the open waters in Chatham Strait as recorded a t  Killisnoo. The 
inadequate channel of the inlet does not permit the full flow of the 
incoming tide to reach Mitchell Bay before the tide in the strait 
has turned and the outward flow begins. In a like manner the 
falling waters of Mitchell Bay can not attain the low-water level 
of the strait before the tide has turned without and the incoming 
flow blocks the further outflow from the inlet. Thus the high 
Waters at  Mitchell Bay do not attain the height of the simultaneous 
high waters a t  Killisnoo, nor do the low waters fall as low; there- 
fore the Mitchell Bay range is correspondingly lessened. Favorite 
Bay, somewhat nearer Killisnoo, but also affected by the same con- 
ditions, likewise has a decreased range value. 

10556-27-5 



FIG. 19.--Tirl~ slntions, Chnlllnm nnrl Krkii Atrnits 



Station Geographiu 
position 

2 $$ 1)Sergiy Narrows ___. __..____.__ North Rapids .__.__..._.__.._._... .38 6.53 6.W 

$ E$ 'pear Bay ____________._._..__.-.-. ..______..___.____..-......-----.-.. .33 6.80 5.95 

I!: E$ )PodbshiAnehorage.. __.....___. ___.__.___...__...__.-...-..----.--. .35 6 68 6 09 

Locality 

10.60 , 13.08 I\ 20.0 

10.73 13.71 I ....--- 

12.45 I 14.96 21.8 

t Raugps Luuitidal 
intervals 

Dura- tion of l-. -. 

'1s 1 Great ' Great- 
Mean 'diurnal est 

~ _______- 

Observations 

I 

Series Length 

Year 
1896 

1697 

189.5 

169.5 

__ 

Days 
29 

162 

3 

29 

Standard station 

3itka 

Do. 

Killisnoo 

Do. 
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23. THE TIDE IN PERIL STRAIT 

Peril Strait, of which Sergius Narrows constitutes an important 
part, is a 40-mile navigable passage connecting Chatham Strait 
with the open ocean midway between Cape Ommaney and Cross 
Sound. For vessels calling at Sitka, and also a t  such inner ports 
as Juneau or Skapway, there is a considerable saving of time and 
distance to be had by the use of this waterway. 

Its westerly end is formed by a narrowing passage which closes 
down to a minimum width a t  Sergius Narrows. As in Wrangell 
Narrows here too the constriction of the shores causes strong cur- 
rents prohibitive to the passage of small, underpowered boats, or of 
large steamers, except at  times of slack water. 

Figure 20 shows the narrows and Peril Strait, with the locations 
of the tidal stations established along the waterway. The tidal 
characteristics for this station are listed in Table 29. 

The tidal station near North Rapids at  the heart of the narrows, 
located as it is at  the most important point in the waterway, was 
occupied for a much longer peritad of time than were the subordi- 
nate tidal stations at either side. 

A lack of tidal data throughout the easterly arm of Peril Strait 
does not permit a proper illustration of the tidal action all along 
the extent of this waterway. A study of the currents through the 
Strait indicates that the rising tidal flow enters practically simul- 
taneously a t  either end of the Strait. 

The range value of Table 29 for Killisnoo, in conjunction with 
ranges a t  the tidal stations westward through the Strait to Haley 
Anchorage, will bear out this fact, for as is true in Wrangell Nar- 
rows, so too in this similar waterway does the mean ran e increase 

Here it increases steadily from a value of 8 feet at Haley Anchorage 
t o  12.45 feet at  Pogobshi Anchorage. Were data also available for 
the eastern arm of the Strait, there, too, would be shown a similar 
gradual increase in the mean range from the value of 11.60 feet at  
Killisnoo to 12.45 feet a t  Pogobshi Anchorage. 

The duration of rise likewise evidences the same tendencies as in 
'VVrangell Narrows-a decreasing value in accord with an increas- 
ing range from the ends toward the mid-point of the Strait. 

from either end of the passage to the meeting place o P the tides. 



FIG. 2n.-Tid~ sfationq. Peril Strait 



0 ,  

SS 1 5 N  
134 55 W 
58 '13 N 

135 07 W 
58 0 7 N  

135 26 W 
57 5 8 N  

135 38 W 
58 25 N 

135 '27 W 
58 2 9 N  
1%5 29w 
58 1 2 N  

135 35 w 
58 50 N 

136 23 W 
58 1 3 N  

135 5 7 W  
58 09N 

136 13 W 
58 1 6 N  

136 19 W 
58 07N 

136 17 W 
58 1 2 N  

136 24 W 

.Excursion Inlet.. ................. hIainland.. ....................... 

..... d 0. ........................... -_.-.do.. .......................... 

TABLE 3O.-Tidal data, Icy Strait, Glacier Bay, and Cross Sound 

[Figures in italics are derived from harmonic constants] 

.43 

.35 

Station ' Locality 

9.22 11.46 i ........ 
8.48 10.75 1 ........ 
8.66 10.67 ._______ 
8.40 10.59 14.7 

Lunitidal inter- 1 
~ vsls Dura- 

- tion of 

1901-1914 

1901-1923 
1901 
1901 

rise 1 II\VI' LWI , 

Hours 1 Hours i Hours 
.Funter Bay-..- .................. 1 Mansfield Peninsula, Admiralty 0.53 I 6.81 1 6.14 

Swanson Harhor .................. 1 Mainland .......................... 1 .61 1 6.81 i 6.22 
I Island. 

6.70 6.20 
6.70 ~ 6.15 
6.71 1 6.13 

6.61 ' 6.24 
I 

6.64 i 6.13 

6.60 j 6. 18 

6.66 6.45 

6.65 6 19 

1 

, 

6.64 6.13 

6.50 1 6.11 

hlean 

Fed 
12.98 

13. Os 
i2. 81 
12.74 
12.84 

12.72 

11. s3 

12.34 

13.75 

10.87 

9.31 

~ 

Great Great- Series 
diurnal est 

- _. . 

Feet Feel Years 
15.54 _ _ _ _ _ _ _ _  1890-1922 

15.54 1 _ _ _ _ _ _ _ _  1901 
14.81 I _ _ _ _ _ _ _ _  1901 

I _ _ _ _ _ _ _ _  1923 

15.21 1 ........ 1923 

14 65 ........ 

~ 

Days 
100 

20 
104 
162 

3 

3 

29 

3 

3 

38 

6 

34 

18 
29 
48 
~- 

Standard station 

Ketchikan. 

Hooniah. 

Ketchikan. 

Hooniah. 

Do. 

Craig. 

Hooniah. 

Seclusion Harbor. 

Hooniah. 

Inisn Cove. 
Hooniah. 
Craig. 
Hooniah. 

Do. 



24. THE T I D E  I N  CROSS SOUND, GLACIER BAY, AND ICY STRAIT 

As shown by Figiire 21, thr tidal st:itions along the imin  w:itcrw:iy 
from Cros.; Sountl tliroiigli Iry Strait :irv corifinrtl mainly to the 
wilt11 sliorci nlonq ChichnCot' Tslnntl. ()illy thrcr +itions hnvc I w n  
occiipicd along the north shoi-e, two of t l i ~ m  in l~~xcnrsion T n l r t  ant1 
onc in Swnnson Harbor. Thcrc is nlso thc northrrn station a t  T i t l d  
Tnlct, 3.5 miles back in  Glacier I!:IJ.. 'L'lie rc5iilts obtninctl a t  t ltis 
Inttcr station arc  not to I)r consirlcwtl R S  trnc inran raliies, as n &nee 
at Table 30 will show this  stat  ion to have been occupied Cor 3 
r l n y ~  only. diiring which period tlic only other station occnpictl wns 
the  short-periocl station :it Secliision Hai*bor in Kekt t  Strait. This 

-- 
I ,  
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stations have been derived, as follows: At  Idaho Inlet high tide oc- 
curs 3 minutes before high tide at  Inian Cove, low tide 6 minute; 
before; a t  Funter Bay high and low tides occur, respectively, 5 and 4 
minutes later than at  Inian Cove. 

The fact that the high and low water stages of the tide occur ear- 
lier at  Idaho Inlet than at Inian Cove, which is 8 miles nearer the 
open sea, is an indication that the tidal flow through South Inian 
Pass precedes the flow through the North Pass. A study of the local 
current tables in the latter part of this volume will show this to be 
the case. Those stations a t  a greater distance from the open sea, as 
Funter Ba can be expected to have somewhat later tides than has 

Harmonic analyses have been worked out for two of the tidal sta- 
tions in these waterways. As a means of comparison of the tidal 
constants as derived from the harmonic analyses and as means of 
direct observations, the values of the former have been entered in 
italics in Table 30. 

the Inian 8’ ove station. 



TABLE 31.--Ts&l ab&, Lynn Canal 

I Locality 

I I 

1 Tidal consten*r not corrected by simultaneous observations. 

DUE+ 
ion of 
rise 

__ 

Hours 
6. 19 

6.18 

6.23 

6.29 

6. 28 

6.24 

__ 

' Great Great- 1 Series 
I 

Mean diurnal est 
___----/-- 

Fed Feel Feet Years 
12.56 14.66 22  1 1 1890 

13.71 16.07 ._..___., 18s(tl922 

13.94 _ _ _ _ _ _ _ _  . . _ _ _ _ _ . I  1921-1922 

13.89 ______.. ..____._ 1890-1922 

14 05 16.25 23.7 1 1890-1922 

14.07 16.65 27.7 ! 1908-1911 

I 

I 

l 

ength 

Days 
40 

30 

9 

63 

72 

1, loo 

- ~ 
~~ 

Standard station 

Kodiak. 

Skagway. 

00. 
Do. 

Eetchikan 
(Kodiak. 
(9. 
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25. THE TIDE IN LYNN CANAL 

Bor the tidal stations along Lynn Canal from William Henry Har- 
bor to Skagway the variations in mean range and duration of rise, as 
shown in Table 31, are very slight. These stations are plotted on the 
chart of Figure 22. 

Skagway is the primary tidal station for the northerly section of 
southeast Alaska, it being second to Ketchikan in its length of series 
of observations. For this reason, and also to allow of a comparison 
of the tidal characteristics of both places, a summary of the tidal 
data derived for Skagway is listed in Table 32. 

TAULE 32.-Summary of t i da l  data, Slragwal/, Alaska 

[Values inclosed in  parentheses are derived from harmonic constnntsl 

TIME RELATIONB 

High-water 
Low-water interval _____. ~ - -  
Duration of rise _ _ _ _ _  I 

Duration of fall _ _ _ _ _ _  _ -  -. _ _ _ _ _  __--_- -_________-__ 
Phase 
Parallax 
Diurnal age__--__-_-______-__-_--_---_--________-_--_-__-__-___-_- 

Sequence of tides is HHW to LLW. 

RANQEB 

Metrn 
Oreat diurnal 
Great tropic range - 

Hours 
0.46 
6. 64 
6.24 
6.18 
33.3 
45.4 
13.4 

Feet 
14.07 
16.83 

RATIOS OF RANOES 
Feet 

Great diurnnl range+meun range ___________________________________  1.18 
Great tropic rangemean range ___. 1.24 
Spring rangetmean range 1.31 

HELQHT RELATIONS 

Mean high water above standard sea level _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mean higher high water above standard sea level _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _  I 
Tropic higher high water above standard sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Tropic lower high water above standmd sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Spring high water above standard sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Neap high water above standmd sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Storm high water above standard sea level __________________________ 
Greatest high water above standard sea level _____________________,__ 
Storm high water above standard lower low water _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Highest high water above standard lower low water _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Mean sea level above mean tide level _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mean low water below standard sea level--- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mean lower low water below standard sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Tropic lower low water below standard sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Tropic higher low water below standard sea level _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Spring low water below standard sea level T _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Neap low water below standard sea level ___________________________ 
Storm low water below standard lower low water _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1,owest low water below standard lower low water _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Mean sen level on staff (3 years) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mean lower low water on stuff (3 years) . . . . . . . . . . . . . . . . . . . .  

Feet 
F. 91 
7.88 

(7.79) 
(5.24) 
(9.13) 
(4.49j 
11.46 
13.58 
20.18 
22.31 
0.13 
7.16 
8.73 

(8.88) 
(3.96) 
(9.35) 
(4.71) 
3.95 
5.39 
17.02 
8.29 
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The time relations for Skagway do not differ materially from those 
for Ketchikan. The high and low water intervals are, respectively, 
0.15 and 0.20 hour greater than that at  Ketchikan, thereby causing a 
slight lengthening of the duration of rise at Skagway. The phase 
age at  Skagway is 2.4 hours longer than for Ketchikan, though the 
other “ ages ’) are practically identical. 

Ketchikm’s mean range is but 12.98 feet, 1.09 feet less than the 
Sbagway mean range. When it is considered that Ketchikan has 
almost free access to the open-sea tides as compared with inland 
Skagway, which is situated far from the open sea at  the extremity 
of a long and narrowing arm of water, the reason for the increased 
range at  Skagway is apparent. 

With an increase in the mean range it is obvious that similar 
increases will be exhibited by the values of the other tidal ranges. 
The Skagway great diurnal range is 16.63 feet against 15.42 feet for 
Ketchikan, 1.21 feet greater ; great tropic range is 1.74 feet greater ; 
spring range is 1.51 feet greater; and the greatcst range 2.6 feet in 
excess. That the increases are proportionate at both stations is 
shown by the ratios of the ranges, which are practically identical for 
both Skagway and Ketchikan. 

All tidal values of Table 32, save those few inclosed in parentheses, 
were derived from the 3 years of observations. Those bracketed 
were obtained from the harmonic analysis of 1908 and 1909, which 
covered a 369-day period. 

The annual variations in sea level and in mean range a t  Skagway 
are illustrated graphically in Figures 10 and 11, respectively. The 
annual curve of the former tidal plane is made use of in the succeed- 
ing section to correct mean tide level values obtained by means of 
short-period observations at three other Lynn Canal stations. 



TLL~LE %?.-changes in Zand elevation em'deneed by pZane of hean tide W e 2  
_. ~ _ _ _ _ _ _ _ _ _ _ _ _  

I Eleva- 
tion 

I above Station I Observations 1 %Tk zeroof 
tide 

I s t d  

I 
I 

I 

I 

I 
' Mean tidelevel ' Bench 
_ _ ~ - _ _  eleva- Change 

tion 1 in 
From above I eleva- 

observa- mean tion 
tions tidal 1 

level 1 

~ mark 

Quality of bench mark 

t! 
U I 

~ I 
Haines ___________________._ ~ ~ __ ._____ I  July 23-Aug. 6, 1890. ._____________ 1 Apr. %June 18, 1922-. _ _ _ _ _  ~ _ _ _ _ _ _ ,  
Pyramid Harbor _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __.___ ~ July 14-July 25, 1890- ~ - _______.__. 

1 M a y  1O-June 29, 1922 _________.____ 
William Henry Harbor- _ _  - .____ ..___ 1 June 24-July 16, 1890 __._________ _ _  

i July 27-Aug. 25, 1921 _ _ _ _ _ _ _  ~ _ _ _ _ _ _  
Funter B a y  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ Aug. 25-Sept. 17,1890 _ _ _ _ _ _  ~ - _ _ _ _ _  

~ July 25Sept. 20,1922 __.__.________ 
M u d  Bay _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ ___._________ Sept. 7-Sept. 25, 1902 _______.______ 

i M a y  16-Sept. 1,1923 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Hoodah _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ !  June 11-Oct. 4, 1901. _ _ _ _ _ _ _ _ _ _ _ _ _ -  

I Apr. I-Sept. 29.1923 ..._______ 
Taku Harbor.. - . . . . . . . . . . . . . . . . . . . . .  ~ Apr. %June 26,1888 .____ _ _ _ - _ _ _ _ _ ,  

Aug. 11-Aug. 21, 1890-.- - _____.___ I i M a y  1SOct.  9,1920 _________._____ 
Sitka _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  July 1-Aug. 31, 1893 _ _ _ _ . _ _ _ - - - _ - - - i  1 Apr. 1&4pr. 15, 1924-25 _ _ _ _ _ _  .____ 1 

i Apr. 15-Apr. 15, 1924-25 _ _ _ _ _ _ _ _ _ _ _ I  
Metlakatla _._________________________ Aug. 11-Oct. 1, 1883 _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ :  

i June 6-Scpt.. 29. 1914 . _ _ _ _ _ _ _ _ _ _ _ _ _ I  

I Apr. 21-Apr. 23, I922 _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I July I-Aug. 31, 1893 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ i  

3 
3 
1 
1 
1 
1 
1 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
1 
1 
- 

Feet 
32.65 
32  92 
27.80 
29.35 
2a 47 
32.19 
34.31 
25.05 
26.963 I 
IS. 57 

19.3 
21.2 
21.76 
17.03 
22.75 
16.85 
21.97 
29.41 
29.41 

I 

Feet I 
16.91 
14.36 
13.70 
12.61 
11.57 
13.09 
14.51 
12.65 
12.51 
7.48 

11.16 
11. os 
13.94 
13.10 
14.62 
14.82 
10.01 
14 90 
10.01 
14.80 
13.84 
13.66 

- 1  

Cor- 
rected 

Feet 
16.93 
14.57 
13.62 
12.80 
11.53 
13.01 
14.87 
12.35 
12.39 
7. OB 

11.16 
11.01 
13.92 
13.30 
14.73 
14.98 
10.38 
14.90 
10.36 
14.90 
13.98 
14.02 

Feet 
15.82 
18.35 
14.18 
16.55 
16.94 
19.18 
19.44 
1 2  70 
14.57 
11.51 
12.90 
16.45 
17.41 
6.0 
6.5 
6.78 
7.27 
7.85 
6.49 
7.07 

15.43 
15.39 

Good; center of circle cut in bowlder. 
Do. 
Do. 
Do. 

Do. 
Do. 

Do. 

Excellent; cut on face of rock cliff. 

Good; center of circle cut in bowlder. 

Excellent; copper bolt in buried bowlder. 
Do. 

Excellent; copper bolt in cliff face. 
Good; Do. cross cut in bowlder. 

Do. 
Do. 

Do. 

Do. 

Do. . 

Excellent; copper bolt in bedrock. 

Good; brass spike in rock. 

Good; iron spike in dead tree. 
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PHYSIOGRAPHIC CHANGES 

26. APPARENT CHANGE IN MEAN TIDE LEVEL 

I n  deriving tidal data for the west coast of Lynn Canal there \ w e  
brought to light apparent differences in the elevations of various 
datum planes as determined for the ears of 1890, 1921, and 1922. 

level as determined at these different, periods, these elevations beiiig 
correlated through bench-mark connections. 

I f  me assume that the bench marks remained constant in elevation 
from 1890 to 1922 it is impossible that the plane of mean tide level 
mould be altered by the amounts evidenced in column 8 of Table 33 
for the tidal stations of Haines, Pyramid Harbor, and Williaiii 
Henry Harbor. The average difference in elevation at  these st;Ltioi\s, 
derived from levels in 18‘30 and 1922, amounts to 2.4 feet. To bring 
about such a great lowering of the plane of mean tide level enormous 
physical changes would have had to take place in the cross sections ol‘ 
the waterways leading up to thcse tidal stations. No changes of note 
have occurred. Therefore this first assumption is disproved and \ ? e  
may accept the tidal plane as constant. 

A study of the establishment of the three bench marks at these tidal 
stations shows that they were well enough located so that it n’os 
utterly impossible for them to have been raised over 2 feet in eleva- 
tion excepting by a vertical displacement of all the surrounding l a i d  
mass. 

this second assumption a study of earth movements in 

have been the cause of changes in level along Lynn Canal. This was 
the earthquake in the region of Yakutat Bay in September, 1899. 

Quoting Tam and Martin’s “ Earth uakes at Yakutat Bay, Alaska, 
in September, 1899,” a publication 04 the U.  S. Geological Survej, 
the following facts are noted : 

During the month of September, 1899, the region near Yakutat Bay, Alaska, 
was shaken by a series yf severe earthquakes. * * * These earthquake5 
were attended by two notable results-great changes in the level of the land. 
incidental to faulting, and remarkable accompanying and subsequent changcns 
in the adjacent glaciers. * * * The changes of level are the grealest re- 
corded in historical times, the maximum uplift amounting to over 47 feet. The 
changes in the glaciers include a rapid retreat of Muir Glacier, 160 miles to i l ~ c  
southeast. * * * By 1903 it had retreated from 2% to 3 miles, and by 190; 
from 7% to 8 miles, perhaps partly as an indfrect result of the earthquake. 

Figure 23 portr’ays upper southeast Alaska north to the Yakuttlt 
Bay region. From this map will be seen the near proximity of Milir 
Glacier to the Lynn Canal district. Inasmuch as this glacier was 
apparently materially disturbed by the earthquake of 1899, it is rea- 
sonable to assume that the west shore of Lynn Canal, only 30 miles 
distant from Muir Glacier, might also have been affected by the same 
earth movements that produced a 47-foot local uplift. 

Residents of Skagway, a t  the head of Lynn Canal 160 miles east of 
Yakutat, reported six or seven shocks, ‘‘ the vibrations increasing 
until everyone felt the motion distinctly.” There were literal earth 
waves, both motion and feeling being exactly as if on bourd a vc~sc1.” 
Many cracked chimneys and gaping walls resulted from these earth 
tremors. 

I n  Table 33 are given the elevations o P the plane of mean (half) tide 

Followin 
Alaska disc f oses but one earthquake of such magnitude that it could 
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Juneau reported three hard shocks, one very severe. Taku Inlet, 
Stephens Passage, and Gastineau Channel were filled with icebergs 
from Taku Glacier for some time after the shocks. 

These observations of persons experiencina the Yakutat quake at 
distant stations are further evidence of the Yar-reaching effects and 

Another statement in Tarr bnd Martin's report of the earthquake 
shows that they looked for earth movements at points distant froin 
the center of disturbance but found none. 

" We were able to make hasty observations in 1903 at Dundas Bay, 
near the entrance to Glacier Bay, and at  Juneau and Sitka, where we 
found no changes in level." 

However, they did not have the tidal observations and bench-mark 
elevations now available for a further study of the subject. 

A t  each of the aforenamed tidal stations, and also a t  the near-by 
stations of Funter Bay, reliable series of tidal observations, and 
levels run in 1890 allow the establishment. of the bench-mark eleva- 
tions prior to the Yakutat earthquake. 

Tidal observations taken and levels run in 1922 at  the same stations 
show the bench marks to have undergone a rise in elevation ranging 
from 1.87 feet a t  Funter Bay to 2.53 feet at Haines. Of course the 
datum (mean tide level) to which these elevations are referred is 
liable to the variations affecting any tidal constant derived from 
short-period series of tidal observations. A ,  study of the annual 
Variation in sea level at  the five long-period tidal stations in south- 
east Alaska shows the height of sea level to vary from month to 
month from a minimum annual variation of 1.28 feet at  Sitka to a 
maximum annual variation of 1.62 feet at  Skagway. With this vari- 
ation in mind the direct derivations of mean tide level as listed in 
column 5 of Table 33 for the Lynn Canal stations has been corrected 
by comparison with the annual sea-level variation curve for Skag- 
way as represented in Figure. 10. The corrected values of mean tide 
levei, which are used to derive all elevations .discussed herein, are 
listed in column 6. Even omitting this correction and deducting the 
Probable maximum annual variatlon of 1.62 feet from the bench- 
mark elevation differences a t  the three Lynn Canal stations there 
yet remains approximately a foot of increased elevation to be ac- 
counted for. Therefore we must conclude that an actual raising of 
the land mass did occur as evidenced by the bench-mark elevation 
from 1890 to 1922. 

Taku Harbor and Sitka both exhibit n one-half foot increase in 
the elevation of reliable bench marks established before the Yakutat 
earth uake. The relatively small change might, however, be caused 
entire P y by the annual variation in the height of the sea level, rather 
than by any shifting of the land mass. 

Metlakatla, farthest from the seat of the earthquake, shows no 
change in level of a bench mark established in 1883 and recovered in 
1914. 

To assign the earthquake of 1899 as the immediate factor which 
brought about the changes in level noted, it w4,uld have been neces- 
sary to have had tidal Observations and levels made just previously 

Isn!);~ 

- 

likelihood of earth movement along Lynn Canal.16 / 

\ 

' 'See p. S2 ,  Tnrr and Martin's I' ICnrthquakcs in  Yukatat Bay, Alaskn. in R(.ptrnllwl 
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to, and immediately following the disturbance. I n  an effort to ascer- 
tain if any subsequent changes in elevation might have occurred, the 
elevations of reliable bench marks established at  Hooniah and Mud 
Bay in 1901 and 1902, respectively, were rechecked in 1923. Here, 
too, were found increases in elevation, amounting to 0.96 and 1.39 
feet. One might assume that these figures came within the allowable 
limit of annual sea-level variation, and therefore that factor could be 
assigned as the sole cause of the differing elevations. This may be 
the case, though the tidal elevations at Hooniah were of 4 months’ 
duration in 1901 and 6 months in 1923 both sufficiently long series to 
obviate most of the error in planes of mean tide level derived from 
series of tidal observations less than a year in length. Therefore me 
must grant the possibility of the occurrence of earth movements sub- 
sequent to those of 1899, which may or may not have been due in- 
directly to the disturbance of that year. Such an assumption is 
strengthened by the knowledge of the vast and rapid change which 
took place in Muir Glacier between 1899 and 1907, and the occur- 
rence of a severe earthquake.in 1907 which was reported chiefly from 
che Lynn Canal region, notably at ,!3kagway.16 

This section has been written to illustrate the value of a tidal 
plane as a datum from which earth movements may be studied. Vast 
uplifts, such as occurred in the Yakutat Bay region, are far from 
common, though minor changes caused by earth movements are 
fairly frequent in a region of growth, such as the young (geological1 
speaking) mountain ranges of St. Elias, Fairweather, and Chuyac 
of the region we have discussed. The large changes in level are 

B 
readily discernible and studied by the visible displacement of 
land masses, evidenced merged forests, sea growths attached to 
rocks far above the highest tides, etc. The smaller and 
more frequent changes in level are usually too slight to be noted by 
such natural phenomena, so herein lies the value of a plane of mean 
tide level, or of mean sea level, as a means of determining these minor 
disturbances of the earth’s crust. 

l6 See Tarr and Martin’s “ Earthquakes in Takutat Bay, Alaska, in September, 1899;’ 
P. 96. 



Part 11.-CURRENTS IN SOUTHEAST ALASKA 

By P. J .  HAIQHT, Assistant Mathematioian, United State8 Coast and Geodetic 
Survey 

OBSERVATIONS AND REDUCTIONS 

I. E X T E N T  OF OBSERVATIONS 

For the purposes of this discussion, southeast Alaska will be taken 
as that part of Alaska lying between Dixon Entrance on the south 
and Cape Spencer and Lynn Canal on the north. Figure 1 shows 
that the major part of this area is composed of islands, together with 
numerous intercommunicating straits and passages separating these 
islands from each other and from the mainland. The straits of this 
region, together with their various communicating passages, form an 
intricate network of waterways which differ materially from each 
other in h drographic features and in their connection with the sea. 
The tide f rom the Pacific entering this network of waterways pro- 
duces a complicated system of tidal currents, the current in each 
passage being influenced by the hydrographic features of the passage 
itself as  well as by the tidal movement, in connecting waters. 

Prior to the year 1925, current observations by the Coast and 
Geodetic Survey in southeast Alaska were taken by parties engaged 
jn h y d r o ~ a p h y  or other survey work and in most cases consisted 
of but a Few hours of observations at  each station. At  a few stations 
observations of the times of slack water were obtained for consider- 
able periods of time, the usual procedure being to observe the slack 
waters occurring during the daylight hours. By this method, two 
and often three slacks were observed each day during the period 
covered by the observations. The longest series of slack-water ob- 
servations taken in this region was obtained at Sereius Narrows by 
the party of E. K. Moore in 1897. It covered a period of 5 months, 
a total of 441 slack waters being observed during that time. Records 
of current observations a t  31 stations which were occupied in south- 
east Alaska during the 30-year period 1895 to 1924, inclusive, are 
on file in the office of the Coast and Geodetic Survey. These obser- 
vations were all taken at  or near the surface of the water, no at- 
tempt being made to obtain the velocity or direction of the current 
at depths greater than the draft of vessels. 

I n  the summer of 1925 a current survey party in charge of L. M. 
Zeskind occupied 21 new stations extending from Tonoass Narrows 
on the south tQ Cross Sound, Icy Strait, and Lynn eanal on the 
north. I n  addition five of the old stations were reoccupied by this 
party. The length of the series of observations at  each station 
varied from a few hours to 16 days, which was the period covered 
bv observations at the north end of Wrangell Narrows. Observa- 
ti’ons besides being taken near the surface were obtained for 3 subsur- 
face depths a t  16 of the stations, the subsurface depths chosen usually 
being two-tenths, five-tenths, and eight-tenths of the total depth of 

77 
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water a t  the station. Hourly observations were made of the velocity 
and direction near the surface, and half-hourly observations of 
velocity only a t  the subsurface depths. At 10 stations surface ob- 
servations only were obtained, and at  5 of these only times of slack 
water were observed. It may be well to mention here that all of 
the observations made in this region, the earlier as well as the more 
recent ones, were obtained during the summer season. Current 
phenomena peculiar to the winter months would, therefore, not be 
brought out by these observations. 

It is desired to place emphasis on the fact that the current work 
(lone up to the present time in southeast Alaska does not constitute 
:I dotailed current survey, but is rather in the nature of a reconnais- 
sance, a comparatively few widely separated stations being occupied. 
I n  the comprehensive current survey of New York Harbor, for 
example, more than one hundred times as many current stations per 
unit area were occupied as in the waterways of southeast Alaska. 

2. METHODS OF OBSERVING 

Three general methods of observing currents employed in the 
recent survey in southeast Alaska are briefly outlined below. The 
first two of these methods also apply to observations taken prior to 
1925. 

1. I n  the current-pole method of observing currents a pole is so 
weighted with lead a t  one end that it will submerge .for most of its 
length and assume a vertical position when placed in the water. I t  
i s  then attached to a log line and allowed to drift with the current. 
The log line is marked off in divisions and tenths. Each large divi- 
sion bears the same ratio to a nautical mile that the time the pole is 
allowed to drift bears to an hour. in 
nautical miles per hour or knots is read direct from the log gne. 
The direction of drift is observed by compass or pelorus on the 
vessel. The velocity obtained by this method is taken as the velocity 
at a depth equal to one-half the length of the submerged portion of 
the pole. 

2. The float method of taking current observations is used in 
narrow passages or swift currents where it is not practicable to 
anchor a vessel. A free float of wood is thrown into the current 
rither from shore or from a launch. The time required for the float 
to drift a known distance between two fixed ranges on shore is 
observed. From this observation the velocity is readily calculated. 
The general direction is obtained by observing the course taken by 
the float. 

3. The Yrice or Gurley t pe of current meter was used for taking 
subsurface observations. $he workinw parts of this meter consist 
of a set of conical metal c u p  arrange$ on the periphery of a wheel 
which is mounted on a vertical shaft, The upper end of this shaft 
actuates a recording mechanism which makes and breaks an elec- 
trical circuit, producing clicks in a telephone receiver connected in 
the circuit. When the meter is lowered into the water, the ciirrent 
striking the metal cups causes the wheel to rotate, the speed of rota- 
tion depending upon the velocity of the current. To obtain the 
velocity of the current, therefore, it is only necessary to count thc 
clicks in the telephone receiver for a specified length of timc and 

By this means the velocit 
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In addition to  the few short series of observations taken at Sergius 
Narrows the only data available a t  that station for the comparison 
consisted of the predicted times of slack water for each day of the 
year for the period 1899 to 1925, inclusive, and predictions of the 
times of slack water and the times and velocities of strengths of 
flood and ebb for each day of the year 1986. The harmonic constants 
used in making the 1926 predictions were, however, available for use. 
From these constants predictions of the times of strength of flood 
and ebb were made by means of the tide-predicting machine for the 

eriod covered by the 1925 survey. This method involved so much 
kbor  that it was considered inadvisable to use it for obtaining the 
times of strength Corresponding to all the observations taken prior 
to 1925. 

For the purpose of obtaining these times of strength Tables 34 
and 35 were prepared from the first 3 months of the 1926 predicted 
currents. Table 34 shows the relation between the duration of flood 
and the time that strength of flood occurs after slack water, and 
Table 35 shows the correspondin time relation between duration 

The duration of each flood was obtained by taking the difference 
between the time of slack before flood and the time of slack before 
ebb. The time that strength of flood occurs after slack water was 
then computed and tabulated in a separate column for  each duration 
of flood taken to the nearest tenth of an hour. The mean for each 
column was then obtained, these means plotted on cross-section paper, 
and a smooth curve drawn through the plotted points. From this 
curve the times of strength of flood after slack corresponding to 
each duration of flood given in Table 34 were taken. The method 
given above was also followed in the preparation of Table 35. From 
Tables 34 and 35 the times of strength of current were readily ob- 
tained for the periods of observation for which predicted slack 
waters were available. The few early observations taken before 
predictions of the times of slack water for Sergius Narrows were 
published had yet to be takcn care of. The slack waters for these 
ieriods of observation were predicted by a nonharmonic method, use 
being made of a table which was em loyed for predicting times of 

made available for that purpose. Having obtained the times of 
slack water the times of strength were computed as in the case of 
the later periods of observation. 

TABLE 34.-Relation between duration of flood and time that strength of flood 
occurs after slack water at Rergiua Narrows 

of ebb and strength of ebb. T a  fl le 84 was prepared as follows: 

slack water at Sergius Narrows be P ore harmonic constants were 

i Duration 

i Of flood 
I 1 I€wra 

1 6.0 

6.7 
6.8 

8.1 
I 6.2 
I 

slack water 1 slack water 

Torrespond 
ing time of 
strength of 
flood after 
slack water 

IIosra 
2.80 
2. 71 
2.83 
2. 57 
2.50 

- _. 
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TAB- 35.-Relation between &uratCon of ebb and tWe that strength of ebb 

occurs after slack wa,ter at Sergius Narrows 

hration 

Corre- 
sponding 
time of 

f h L 1 8  Hours 
4.9 I 2.00 
5. n I 2. n - ~. 
5. 1 ' 2. 37 
5.2 2.40 
5.3 2.54 

6 . 4  2. fin 
5. 5 2. 67 
5. 6 2. 72 

5. 8 2.83 
5.7 1 2. 77 

I Cone- / I  I Corm- 
sponding I 1 sponding 

Duration timeof ~ Duratlon timeof I ebbafter I ~ ebbafter 
of ebb strength of of ebb strength of 

slack water I /  
I 

1 slack water 

IIours 
5 .9  

6. 1 
6 .2  
6.3 
6. 4 
6.5 
6. 6 
6. 7 
6 . 8  

6. n 
HOUl8 

2. 88 
2.93 
2.98 
3.03 
3.08 
3. 13 
3. 18 
3.24 
3.30 
3.36 

Hour8 
6.9 
7 . 0  
7. 1 
7.2 
7.3 
7. 4 
7. 5 
7. 6 
7. 7 

Hours 
3.41 
3.46 
3. 51 
3. 56 I 

3.60 
3.63 
3.66 
3.68 
3.70 

Each observed time of slack water and strength of current was 
next referred to the corresponding slack or strength at Sergius Nar- 
rows and a mean time difference obtained at  each depth for each 
of the four phases of current-namely, slack before flood, strength 
of flood, slack beiore ebb, and strength of ebb. Means were also 
obtained of the observed directions and velocities of flood and ebb. 
The velocity obtained from each series of observations was reduced 
to a mean value by applying a factor to correct for range of tide 
as explained in the last section of the Appendix, 
tabulation and reduction as made for observations at t e i-foot depth 
at  station 40 in Peril Strait are shown in Table 36. 

rge The 

TABLE 36.-Currents at 7-foot depth, station, 40, P d l  Btrait 

[Polo observadons] 
__ - ___ - . ~ - ~ _ _ _ -  _____ ===== 

I Time of currant ] Time of current at Sergiua Narrows 

July 24 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I 
July 25 _ _ _ _ _ _ _  _ _ _  _ _  -.. 

I July 36 ______________. 

I --. ... ~ 

Hours Hours Hours j 
23.9 _ _ _ _ _ _ _ _ _ _  18.1 _ _ _ _ _ _ _ _ _ _  3.3 6.6 
13.1 16.2 18.6 

. 5  4.2 7.0 
13.8 186 19.2 
1. 3 4.6 7 . 6  

14.4 17.0 Ill. 8 
2.0 

10.3 3. 7 .. . 
10. 2 

io. 9 4.2 

11.6 
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TAnLE 36.-Currenta at ?'-foot depth, station 40 ,  Peril Strait-Continued 

1 Tinir of current with reference to 
current a t  Sergius Narrows ' Strength of flood 

~ 

Date 

DISCUSSION OF RESULTS 

~- 

Strength of ebb 

True (11- 
rection 

-. . - - - - - . 
228 

Velocity 

. -  

Knots  _ _ _ _ _ _  ~ . -  
2 .3  

231 2 . 3  
234 1. 7 
24 1 1. 6 

W2 1. D 

228 2.0 

1,633 1 13.3- 
233 1. 90 

3 .  53 w. 

4. INTRODUCTORY STATEMENTS 

For convenience in discussing the results of the various series of 
current observations in southeast Alaska, the areas within which 
observations were taken have been divided into eight sections as 
follows: (1) Tongass Narrows; (2) West coast of Prince of Wales 
Island; (3) Sumner Strait and connecting waterways; (4) Wran- 
gel1 Narrows; ( 5 )  Frederick Sound and vicinit (6) Peril Strait 
and neighborin passages ; (7) Icy Straight a n 8  brass Sound ; (8) 
Lynn Canal an fi vicinity. 

For each section there have been prepared a table giving the cur- 
renk data derived from observations at each station, and one or more 
charts on which the location of each station is plotted. The data 
contained in the tables are taken from the tabulations and reductions 
already described. The values for duration of flood and ebb were 
computed by applyin the time differences for slack waters obtained 
from observations as s % own in Table 36 to the mean durations of flood 
and ebb at Servius Narrows as derived from the series of 441 slack- 
water observations previously mentioned. The times are given to 
hundredths of hours, the velocities to hundredths of knots, and the 
true directions to whole degrees. The times and velocities are given 
to hundreths, not because they can be considered as determined with 
this degree of precision from short series of observations, but for 
uniformity, since for purposes of comparison it seems desirable in 
some cases to have them given to hundredths. I n  the tables a minus 
(-) sign indicates that the time of the given phase of current is 
earlier than that of the corresponding phase of current at Sergius 
Narrows. Where no sign is given the lus (+) sign is understood 
and indicates that the current is later t R an at  Sergius Narrows. 

I n  discussing the results of current observations there is often 
a question as to which is the flood and which is the ebb current. I n  
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general the current flowing upstream or away from the sea is a flood 
current and the one fiowing downstream or toward the sea is an ebb 
current, This definition leads to uncertainty, in a waterway which 
communicates with the sea through two 0" more channels. The 
flood current is therefore here defined as the current which reaches its 
strength on a rising tide or near high water, and the ebb current as 
the current which reaches its strength on a falling tide or near low 
water. 

5. THE CURRENT IN TONGASS NARROWS 

Tongass Narrows is a passage approxiniately 12 nautical miles in 
length and from one-third to 1% nautical miles in width. I t  
extends in a northwest and southeast direction and connects the 
northerly ends of Revillagigedo Channel and Nichols Passage with 

Clarence Strait and Behm Canal. For most of its length it has a 
depth of approximately 20 fathoms. 

The four stations at which current observations have been taken 
in Ton ws Narrows are plotted on Figure 25 and the data derived 
from t fe  observations are given in Table 37. I n  com aring these 

1 were not continuous but were scattered over a period of more than 
three months. Tidal observations taken in this vicinity show that 
tba tide is very nearly simultaneous throughout the narrows and 
adjacent waterways with practically the same range at the two 
ends of the narrows. Having in mind this simultaneous tidal move- 
ment we would expect a flow of water into both ends of the narrows 
when the tide is rising and a corresponding outflow in both directions 
When the tide is falling. Observations indicate, however, that this 
simple condition is considerabIy modified by a permanent nontidal 
c%rrent flowing through the narrows in a northwest direction. 

results it should be borne in mind that the are derive B from short 
Periods of observation. The six days o P observations at station 



TABLE 37.--Current data, Tongass Narrozcs 

[Referred to time of current at Sergius Karrows] 
- -- -_____-_ - - ~ _ _  -~ -__- ___ ____-_ 

I Ebb strength 
I 

1 Flood strength I Slack Flood Slack 1 Ebb 
dura- 1 flood Time Directlon vrlor- 

obser- tion , Location ! Date Depth1 before I 1  I dura- before No. I 
I ity / vations ebb Time Direction ':,!:-; t 

Feet Hours Hours ' Trtre , h-nols Hours Hours ~ Hours, True , Knots Hours j Days 
6 1 ~ O f f K e t c h i k a n  __.__ . . - . 'June  September,iC.a.Quill ian.. /Pole-. .-- /  ______. 1.01 1 . N  N . 4 P W - I  1 . 1 2 '  7.43 2 . 5 2 '  l . % : S . 4 5 " E - . i  0.35 4.99 ! 191;, A u g u s t ,  j L. M .  Zeskind-- .57'W- 1 . 1 7 ,  7.62 2.001 : i C l - S . 4 Z o E - - I  .67 4 .801  36 l-~%k:~~ 6 .70 2.10 ._.__.._.__, 1.31 7.22 2. 00 

i /-.-do _ _ _ _ _  15 . W '  2 . 4 0 ,  ___.__..___'  1 . 0 7 ;  7.32 2 . 3 0 !  1 . 0 0 .  ______..... . 7 7  5.101 E 
..-do. ____, 24 1.60 2.70 ____....__.I . 55  6 . 8 2 i 2 . 5 0 ~ 1 . 1 0 1 . _ _ . _ _ _ _ _ _ .  1 . 45  5.604 M 

I i 1925. 8 -  -.._____. . 81  5.20 

i 
P 

3 
0 

0 
U 
M 
H 
Q 

m 

U 

3 
i 



TIDES AND CURRENTS IN SOUTHEAST ALASKA 85 

Stations 1, 3, and 4 plainly show this permanent current, the 
velocity of the flood or northwederly stream being considerably 
greater in each case than that of the ebb. I ts  effect is also shown 
at station 1 in the durations of flood and ebb, the flood running 
longer than the ebb a t  each of the four depths. The northwesterly 
current has been taken as the flood through the whole length of the 
narrows as the observations show that it atktains its strength on a 
rising tide a t  stations 1, 2, and 3, and near high water at station 4. 

The half day of observations at station 2 showed a very irregular 
current, a single strength of flood a t  each depth being the only phase 
well enough defined to admit of tabulation. A similar condition 
prevailed at  the subsurface depths of station 3 where a maximum 
current of about half a knot and an average current of two or 
three tenths of a knot was observed at  each of the three subsurface 
de ths. 

$he observations obtained in Tongass Narrows in 1925 mere 
taken near the time of neap tides. The veloccity of the tidal current 
was therefore near its minimum and consequently the relative effect 
of the nontidal current was near its maximurn. Considering the 
results for  the 7-foot depth given in Table 37 we find that the flood 
current enters the southeast end of the narrows and reaches its 
strength at  station 1, o!T Ketchikan, 2.10 hours after strength of 
flood at  Sergius Narrows. At  stations 2, 3, and 4 strength of flood 
Occurs, 2.80 hours, 3.40 hours, and 5.67 hours, respectively, after 
strength of flood at fjergius Narrows, or 0.70 hour, 1.30 hours, and 
8.57 hours later than at  station 1. These times are roughly propor- 
tional to the distances of the respective stations from station 1. As 
the times of ebb strength show a similar relation to distance from 
station 1, we may conclude that the time of current becomes later 
With approximate uniformity from the southeastern to the north- 
Western end of the narrows. 

I. 

TABLE 38.-Tidal a d  nomtidal currmt velocities in Tongass Narrows 

Statlon 

~ 

I 
Length 
of obser- 1 Depth 

Observed 
velocity 

Uncor- 
rected Flood Correctel 

to mean 

Knots 
1. 05 
.90 

1.00 
.80 
.40 

1.00 

.57 

.57 

.33 

.27 

Flood 
- 

Knots 
1.12 
1.17 
1.31 
1.07 
.5b 

1.18 

.67 

.67 

.39 

.32 

Ehh 

Knots 
0.28 
.40 
.50 
.bo 
.30 

.M) 

.M) 

.OO .cm .w 

Ebb 

Knot8 
0 35 
.67 
.81 
.77 
.4b 

.16 

.10 

.IO 

.06 

.05 
- 

I 
Corrected Tidal current 
velocity velocity 

- -  ~- 
I I 

Knots 
0. 88 
.65 
. i 5  
.65 
.35 

Knots 
0. 74 

. 8 2  
1.08 
.92 
.50 

. bo1  . G G  

\Tontidal 
current 
velocity 

Knots 
0.38 

.2b  

.25 

.15 

.05 

.€€I 

.28 

.28 . 17 

.14 
- - _  

Table 38 gives for each depth a t  stations 1, 3, and 4 the following 
data: The observed velocities of flood and ebb, the flood and ebb 
Velocites reduced to a mean by correcting fof range of .tide, the 
Uncorrected and corrected values for the velocity of the tldsl com- 
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ponent of the current, and the velocity of the nontidal component 
of the current. I n  each case the velocity of the tidal current is 
taken as one-half the sum, and that of the nontidal current om- 
half the difference, of the flood and ebb velocities. The table shows 
that a t  the time the observations were taken the tidal and non- 
tidal streams were of equal strength at stations 3 and 4 and the 
resultant current was therefore doubled a t  the time of flood strength 
and reduced to zero at  the time of ebb strength. I n  other words, 
the current did not ebb at  these stations but came to a stand the 
time of which corresponded to a time of ebb strength and then 
started flooding again. At  station 1, where the tidal current was 
relatively stronger with respect to the nontidal current, the velocity 
of the flood was increased and that of the ebb decreased but not 
reduced to zero by the nontidal current. Since the velocity observa- 
tions were taken near the time of neap tides, in reducing the observed 
tidal current velocity to a mean value it is increased. A like 
increase must be applied to the flood and ebb velocities as shown 
in the table. ositive velocity for strength of ebb 

actually reverses in all parts of the narrows during the greater 
part of the lunar month ; but near the times of the moon’s quadrature, 
at which times the tidal current strength is considerably less than 
its mean value, the observations indicate that it does not reverse in 
the northwestern half of the narrows. 

Comparing the velocities given in Table 37 for the strengths of 
flood and ebb a t  stations 1, 2, and 4, we find that in general the 
vdocity of the current decreases as the depth increases, the velocity 
near the bottom being in each case approximately one-half as great 
as that near the surface. Referring to Table 38, we note that at 
stations 1 and 4 both the tidal and nontidal components of the 
current show this decrease in strength from the surface to the 
bottom. 

A t  station’ 1, if we disregard the 6-foot depth at  which the hull 
of the vessel probably modified the current observed with the meter, 
we find that the duration of flood decreases from 7.62 hours at  the 
i’-fOOt depth to 7.32 hours at  thc 15-foot depth and 6.82 hours at  
the %-foot depth. The duration of the ebb shows a corresponding 
increase with depth and consequently the flood current which runs 
2.82 hours longer than the ebb at the T-fOOt depth runs only 1.22 
hours longer at  the %foot depth. 

The permanent or nontidal current which all the observations 
indicate to be flowing in a northwest direction through Tongass 
Narrows has, as shown in Table 38, a velocity a t  the ?-foot depth 
varying from one-half knot at  station 3 in the narrow art  of the 

assage to about one-fourth knot a t  station 4 in the wi s er  portion. 
$his current will be taken up later in connection with the discussion 
of similar phepomena in other waterways of southeast Alaska. 

6. CURRENTS OFF THE WEST COAST OF PRINCE OF WALES ISLAND 

This gives a 
a t  stations 3 and 4 and lea f s to the conclusion that the current 

Current observations have been made along the west coast of 
Prince of Wales Island at four stations: Two in Tlevak Narrows, 
one in Tonowek Narrows, and one in Dry Pass. These passages 
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are widely separated and mill be taken up independently in the 
following paragraphs. 

Tlevak Narrows separates the northern end of Dall Island from 
Prince of Wales Island and connects the northerly end of Tlevak 
Strait with Meares Passage and Ulloa Channel. At  its narrowest 
part i t  has a width of I,$ mile and a maximum depth of about 15 
fathoms. The two stations at  which current observations have been 
made in this passage are shown on Figure 26 and the results de- 
rived from the observations are given in Table 39. A total of 28 
slack waters were observed a t  station 6, but no observations of 
velocity were made. Most of the slack waters were observed by 
noting from shore the movements of a buoy moored in  mid-channel 
with a long line. A few obssilrations at  the beginning and end 
of the series mere taken by watching the motion of the water surface 
from a launch. 



PIC. 26.-Current stations, Tlevak Narrows 



__ __ 

Sta- 
tion 
No. 

~ 

September-October, ,__._ do .____.____. 
1912. I 

5 

. 6  

I 

8 

Anchored -0.54 
Boat. 

Location 

Tlevak Strait, 4/2 mile 
south of Block Island. 

Tlevak Narrows, off 
Turn Point. 

Tonowek Narrows 

El Capitan Passage, 
Dry Pass. 

TABLE 39.-Current data, west coast of Prince of Wales Island 
[Referred to  time of current at Sergius Narrows1 

Time 

Hours 
0.00 

.42 

5.25 

Direction "$f 
I 

True Knots 
S. 16O E.-. 4.20 

' -  

__ 

Flood 
dura- 
tion 

5. 91 

6.99 

4. 92 

~ 

;lack 
efore 
ebb 

- 

tours 
0.10 

-. 55 

1. 12 

4.80  

__ 

Ebb strength 

'ours lrue ~ Knots 
0.50 N.50°W..1 1.00 

I 

i - - - - - -  
.33 ' S. 50' W--!  2.52 

7.65 Westerly.-! .91 

~~ 

I_ 

Ebb 
dura- 
tion 

__ 
Hours 

6.51 

e. 43 

7.50 

__ 

ength 

ierva- 
tions 

Df Ob- 

- 

Days 
?4 

7 

2 

1 
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The tidal niorrment at Tlevak Karrows is siniilar to that at 
Tongass Narrows in that the rise and fall of the water siirface is 
sinlultaneous at the two ends of the passage. However, the mean 
range of the tide in the northern portion of Tlevak Strait is 11 
feet while in the vicinity of Ulloa Island it is 8.5 feet. There is, 
therefore, a difference of 2.5 feet in range in a distance of about 
2 miles, and if it  is assuirictl that the tide oscillates uniformly with 
respect to the plane of mean sea level, the water surface at  the time 
of high water will bc on the average 1.25 feet higher and at  the 
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F I G .  25.-Slope dlngram. Tlrvak Narrows 

-______- -------- 
____----- 

- IO IO------------ --___________ _______  
-3 ----------------- ------d___________ 

M E A N  $ E A  LEVEL 

9 

*4  

8 

time of low water 1.25 feet lower at the eastern end of the narrows 
than at  the western. 

I n  Figure 27 the hourly heights of the water surface at the two 
ends of Tlevak Narrows are plotted on the vertical lines, the heights 
for the western end being plotted on the left-hand line, and those for 
the eastern end on the right-hand line. The heights are measured in 
feet from mean sea level, the height scale being shown at the left of 
the diagram. The times corresponding to the plotted heights are 
given at  the side of each vertical line. They are reckoned from high 
water at  Sitka, which is simultaneous with local high water at  Tlevak 
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Narrows. The heavy horizontal line represents mean sea level. The 
sloping lines which are drawn between the plotted points of simul- 
taneous height represent the slope of the water surface in  the nar- 
rows. These lines are dashed when the slope is from the eastern end 
to the western and solid when it is from the western end to the 
eastern. I t  will be seen from the diagram that when the water sur- 
face is at mean sea level at  the two ends of the narrows the slope is 
zero. As the water surface rises above mean sea level at the two 
ends the slope from the eastern to the western end becomes greater, 

slope in the opposite direction reaches its maximum a t  the time o 9 and reaches a maximum at the time of high water. A correspondin 

low water. 
I f  the current through Tlevak Narrows is due entirely to the dif- 

ference in the water level at the two ends, the maximum current- 
producing force occurs at  the times of maximum slope, or a t  high 
and low water, the current-producing force decreasing to zero when 
the slope is zero or at a time midway between the times of high and 
low water. A comparison of the slack waters observed at station 6 
with Sitka tides shows that on the average slack before flood occurs 
3.7 hours after high water, and slack before ebb occurs 3.7 hours 
after low water, flood and ebb being taken as the easterl and west- 
erly streams, respectively. Taking one-fourth of the t i  B a1 cycle, or 
3.1 hours, as the average time after high or low water that the slope 
becomes zero in the narrows, it will be seen that slack water occurs 
0.6 hour after the hydraulic force due to the difference in head has 
ceased. A lag of this sort is to be expected since the inertia of the 
moving water is a sufficient force in itself to keep the current flowing 
for a time. 

The series of observations at station 5,  while too short to be of 
much value in drawin conclusions, indicates that the strengths occur 
at this station about l f o u r  after the times of maximum slope through 
the narrows. 

The above ;onsiderations appear to indicate that the current 
through Tlevak Narrows is in part at  least a hydraulic current due 
to an alternating difference in head between the two ends of the 
narrows. 

The following statements relative to the currents in this vicinity 
are based on reports from the survey party that macle the observa- 
tlons at  stations 5 and 6. 

The currents in arid around Tlevak Narrows run very strong dur- 
ing spring tides, the strength being greatest in the part between 
Block Island and Turn Point where the west-going stream has an 
estimated velocity at  strqngth of 7 to 8 knots. The current from 
West to east is comparatively light at  all times. The time differ- 
ences betweell the tides and the slack waters are very regular and 
Uniform. The period of slack water lasts from 5 to 10 minutes. 
During the first of the flood with the current setting to the south- 
east an eddy is formed in tlie small bight southeast of Turn Point 
and the current follows the chaanel southwest of the Lively Islands 
becoming almost imperceptible a short distance southeast of Guide 
Island. I n  that part lying northeast of the Iively Islands a con- 
stant set to the northwest T V ~ S  experienced, this set being stronger 
when the main stream Tvas setting to the northwest and vice versa. 
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The local fishing craft, most of which pass to the northeast of the 
Lively Islands and close around Midway Island when approaching 
the narrows on the first of the flood, do so to take advantage of the 
northwesterly countercurrent. The first of the ebb setting to the 
northwest spills into the small bight southeast of Turn Point and 
through the Narrows over toward triangulation station Cabin ana 
Ulloa Island. Here the stream divides, one part setting around to 
the north of Ulloa Island and the other setting strongly into Meares 
Passage, past Bush Islets and the eastern end of Meares Island. 
During this stage of the current an eddy of roughly triangular 
shape is formed off the Dall Island shore, in the part lying between 
triangulation station Big and the point lying a half mile southwest 
by west of triangulation station Big. 

The results of the observations at  station G show that the ebb or 
westerly stream runs 0.G hour longer than the flood or easterly stream. 
This difference in the durations of flood and ebb as well as state- 
ments given in the preceding paragraph indicate a strong westerly 
nontidal set of the current through Tlevak Narrows. The observed 
velocities at station 5 given in Table 30 show a Aood strength of 
4.2 knots and an ebb strength of 1 knot. These velocities are based 
on a single observed strength in each direction and are therefore not 
to be considered as well-determined mean values. It appears, how- 
ever, that station 5 lies directly in the path of the flood stream and 
therefore experiences its full fosce, whereas the main part of the ebb 
stream setting into the narrows from the area northeast of the 
Lively Islands passes to the northward of this station. 

r Tonowek Nmrows separates the eastern end of Ileceta Island from 
Prince of Wales Island and connects Tonowek Bay with Karheen 
and Tuxekan Passages. It is approximately 1 nautical mile in 
length with an average width of one-half mile. A channel from 
100 to 200 yards in width with an average depth of about 20 fathoms 
extends through the passage. 

Two days of current observations were taken at station 7 shown 
in Figure 28. The data derived from these observations ase given 
in Table 39. Tidal observations taken in this vicinity indicate that 
tho title is I)wcticdly simultaneous in Tonomek Bay and Karheen 
Passage, and that the mean range is about 0.4 foot greater in the 
latter waterway. This difference in range produces a difference 
in head analogous to that at Tlevsk Narrows but less pronounced 
since the difference in range is only about one-sixth as great. From 
a comparison of the times of current a t  station 7 with the times of 
local tide it is found that slack waters precede the high and low 
waters by about ?/r hour, and strengths of current follow the high 
and low waters by approximately 2 hours. The fact that times of 
slack come near the times of hi h and low water seems to indicate 
a stationary wave movement. (!&e Appendix, p. 141.) 

It has been seen in the case of Tlevak Narrows that simultaneous 
tides having different ranges a t  two ends of a passage tend to pro- 
cluce hydraulic currents which reverse at  times midway between the 
times of high and low water. It appears that in Tonowek Narrows 
a hydraulic effect of this sort combined with the stationary wave 
movement causes the times of current to be advanced. I t  seems 
reasonable to conclude. therefore, that the movement in Tonowek 



CD co FIG. PS.--Current station, Tonowek Narrows 
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Narrows i's of the stationary wave type modifidd by the above men- 
tioned hydraulic condition. 

The values for velocity given in Table 39 show a flood velocity 
0.29 knot greater than the ebb velocity. This difference would seem 
to indicate a nontidal northwesterly -current. It will be noted, how- 
ever, that the ebb runs 0.44 hour longer than the flood, and since 
the weaker current has the longer duration i t  is probable that no 
considerable nontidal current occurs in this passage. Results of 
observations show that the current at station 7 increases from a slack 
to a strength in about two and one-half hours while approximately 
three and one-half hours are required for it to diminish to another 
slack. This peculiarity obtains for both the flood and ebb streams 
and causes the times after current at  Sergius Narrows given in Table 
39 to be considerably smaller for the strengths than for the slack 
waters. 

E l  Capitan Passage separates Kosciusko Island from Prince of 
Wales Island. Dry Pass, the narrowest and shoalest part of E l  
Capitan Passage, is about one-third mile in length and less than 50 
yards in width at  its narrowest part. It is extremely shoal and a 
portion of it is said to be entirely dry at times of very low tide. 
The position of station 8 near the center of Dry Pass is plotted 
in Figure 29, and the data derived from the one day of current 
observations at  this station are given in Table 39. The tides in El  
Capitan Passage on either side of Dry Pass are shown by observa- 
tion to be practically simultaneous, with a range 0.7 foot greater in 
the basin west of Dry Pass than at  Devilfish Bay near the center 
of E l  Capitan Passage. The results of observations at  station 8 
indicate that the strength of the flood or easterly stream occurs about 
one-half hour after local high water. I n  other words this strength 
follows the maximum hydraulic effect with a lag of one-half hour. 
The ebb stream, however, instead of increasing in velocity as the tide 
Approaches a low water and the hydraulic head consequent1 be- 

until about one hour after low water. At this time it begins to 
increase in velocity and reaches its strength approximately three 
hours after low water. This peculiarity of the ebb stream appears 
to be due to a marked shoaling of the water in the pass as the tide 
nears a low water. Since the depth of water in the pass is least 
at  the time of low water, only a small quantity of water can flow 
through at  this time. As the tide'rises, however, the depth in the 
pass becomes greater, and since a part of the diminishing difference 
in head yet remains the current increases in strength for a time. 

It will be noted from the values given in Table 39 that although 
the ebb stream has a velocity at  strength only about one-half as 
great as that of the flood, it runs 2.58 hours longer than the flood. 

Following are statements based on a descriptive report from the 
field party that made observations at  station 8. About 3.8 hours 
after low water the direction of the current in Dry Pass changes 
from west to east, and about three hours after high water the direc- 
tion of current changes from east to west. Currents from Shakan 
Strait and Dry Pass meet and separate in the basin west of Dry 
Pass. Immediately after high water there is a westerly current in 
that stretch of water between the basin and the entrance to Shakan 

comes greater, remains weak and approximately constant in ve 9 ocity 
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Strait while at the same time there is an easterly current through 
Dry Pass and the passage east of Dry Pass. Three hours after high 
water the current in Dry Pass and the area east of Dry Pass changes 
from east to west and a westerly current flows through the entire 
length from east of Dry Pass to Shaken Strait. Immediately after 
low water the current flows into the basin west of Dry Pass from 
both directions, but about 3.8 hours after low water the current in 
Dry Pass changes from west to east and an easterly current flows in 
the stretch from Shakan Strait through Dry Pass. 

7. CURRENTS IN SUMNER STRAIT AND CONNECTING WATERWAYS 

Under this heading are discussed the results derived from current 
observations in Sumner Strait, the northern part of Clarence Strait, 
and passages in the immediate vicinity of Wrangell Island. The 
data for stations in these waterwa s are given in Table 40, and the 

sage is taken up separately in the followin0 paragraphs. 
Current observations have been taken in Burnner Strait only in the 

upper part which extends in an easterly and westerly direction. This 
portion of the strait is approximately 35 nautical miles in length and 
of varying width and depth. The least width is about 2y! miles, and 
the depth, which is considerable in nearly all parts, shows a general 
increase from the eastern to the western extremity. The positions of 
three current stations which have been occupied in Sumner Strait are 
shown on Figure 30. At station 9 observations were obtained at 
four depths, while at  stations 10 and 11 pole observations only were 
made. 

At the 7 and 20 foot 9 and at  station 11 the cur- 
rent did not flood durin covered by the observations. At 
station 10 a flood and but the results show a nontidal 
westerly current of over half a knot. Observations at  stations 9 and 
11 were taken a t  times of neap tide, and the velocities when corrected 
for range of tide became positive as given in the table. The infer- 
ence is, therefore, that the unidirectional current observed at  these 
stations is a phenomenon which occurs only during neap tides. I t  
will be recalled that for stations 8 and 4 in Tongass Narrows a 
similar case was discussed. 

positions of the stations are plotte B in Figures 30 to 33. Each pas- 
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Location 

0 Snmner Strait, 1 mile 
southeast of Strait 
I U d .  

Augusf 1925 _ _ _ _ _ _  
Do _ _ _ _ _ _ _ _ _ _ _ _  
Do _ _ _ _ _ _ _ _ _ _ _ _  
Do - - - - - _ _  - - - 

September. 1916.-- 

. _ _  - .do - - - - - - - - - - - - 
July, 1916 _ _ _ _ _ _ _ _ _  
August, 1925- - _ _ _ _  

Do _ _ _ _ _ _ _ _ _ _ _ _  
Do _ _ _ _ _ _ _ _ _ _ _ _  
Do _ _ _ _  _ _  _ _ _ _  - 

.____do _____.______ 
-__.do. - - - - - _ _ _ _ _  
.___.do- - - - - - _ _ _ _ _ _  
July, 1916 _ _ _ _ _ _ _ _ _  
July-October, 1916. 
September, 13l16--. 

____do _ _ _ _ _ _ _ _ _ _ _ _  

Feet 
I+ M. Zesgind.- Pole _ _ _ _ _  7 

_____do _ _ _ _ _ _ _ _ _ _  Meter--. 20 
_____do _ _ _ _ _ _ _ _ _ _  ---do _ _ _ _ _  50 
____.do. - - - _ _ _  - - - __-do _ _ _ _ _  80 
L. 0. Colbert-.- Pole _ _ _ _ _  10 

10 

C. 0. Quillinn-- ---do _ _ _ _ _  _ _ _ _ _ _  
L. M. Zeskind- ~ --.do _ _ _ _ _  7 _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _  Meter.-. 20 

_____do _ _ _ _ _ _ _ _ _ _  -.-do _ _ _ _ _  50 
___-.do- - - - - _ _ _ _ _  __.do _ _ _ _ _  80 
_____do _ _ _ _ _ _ _ _ _ _  Flcat- - - ______,  

_____do- - - - - _ _  7 

____.do. - - - - ~ - - - - _ _  _ _ _ _ _ _  _ _  _ _  - - 

-___.do- - - - - _ _  - __-do. _ _ _  - 

I -- 
C. Q. Quillian-- Pole _ _ _ _ _  1 

L. 0. Colbert.-. .--do _ _ _ _ _ I  

_____do _ _ _ _  ~ _ _ _ _ _  ---do _ _ _ _ _  1 
I 

I - - - - - -  _ _  - --do. - - - - _ _  - - - _ _  -do-. ~ - _ ! _ _  - _ _  - 
10 

10 

10 

11 

12 

TABLE 40.--Current data, Sumner Strait and wnnecting waterways 

[Referred to time of current at Sergius Narrows] 

S u m n e r S  t r a i t ,  off 
Point Colpoys. 

S u m n e r  S t ra i t ,  off 
Point Craig. 

ClarenceStrait lmile 
north of Fire h d .  

13 
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1. 15 
2 25 
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-. 14 
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Floodstrength I I 
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1.40 
.58 
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.----. 
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. - _ _  - - - - - - - - 
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5.01 3.02 

7.74 1.68 
an -.% 
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Time 
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Hourr 
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1.25 
1.22 
1.22 
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__---  
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Youra 

9. 12 
8. 13 
7.05 
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6.97 
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7. OB 

.--__. 
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7. 41 

4.68 
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- __ 
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3 
3 
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The rise and fall of the tide is practically simultaneous throughout 
the area under discussion, the tide occurring but a few minutes later 
at station 11 than at  station 9. The mean range, however, increases 
from about 10.5 feet at station 9 to approximately 13 feet in the 
vicinity of station 11. A comparison of the times of current with 
the times of tide at stations 9 and 10 shows that the strengths of 
current occur very nearly midway between the times of high and 
low water. At  station 11 the relation of c'urrent to tide shows less 
regularity, and the strengths recede the high and low waters by 
an average time of about two [ours. A consideration of the above 
relations leads to the conclusion that the movement in that part of 
Sumner Strait north of Prince of Wales Island is of the stationary- 
wave type. It appears, however, that in the vicinity of station 11 
a progressive-wave movement is combined with that of the stationary 
wave. The presence of a progressive wave is evidenced by a slight 
retardation in the times of tide and a marked retardation in the 
times of current with respect to the times of tide. 

The effect of the hydraulic condition which exists due to the 
difference in range of a practically simultaneous tide between the 
two ends of this passage, appears to be obliterated by stronger 
current-producing forces; for at  stations 9 and 10 the strengths 
occur midway between high and low water, a t  which times the 
hydraulic force is zero, and at station 11 the strengths of flood 
and ebb occur when the tide is approaching high and low water 
res ectively; that is, at  times when a current due to the existing 
hy x raulic condition wo'uld be nearing its strength in the opposite 
direction. 

Referring to Table 40 it will be noted that at station 9 the flood 
velocity is considerabl greater at the two lower depths than near 

depth. During the period covered by the observations floods of 3.30 
hours' and 4.29 hours' duration occurred at the 50 and 80 foot 
depths, respectively, while the current ebbed continuously at the '7 
and 20 foot depths. 

Computing the velocities of the permanent or nontidal current at  
the three stations from the velocities given in Table 40, it is found 
to have a t  station 9 a velocity of 1.24, 1.26, 0.76, and 0.42 knots at  the 
7, 20, 50, and 80 foot depths, respectively. At station 10 its velocity 
is 0.58, and at  station 11, 0.93 knot. These,data show that the 
permanent current in general decreases with depth, and consequently 
the flood and ebb streams become more nearly equal as the bottom is 
approached. This condition would seem to indicate that the perma- 
nent current is d'ue in part at  least to a considerable quantity of 
fresh water flowing through the strait, for the fresh water, being 
less dense than the salt water outside, tends to remain near the 
surf ace. 

I n  that art  of Clarence Strait between Prince of Wales Island 

stations plotted on Figure 31. The time and range of the tide are 
shown by observations to be approximately uniform throughout this 
area. A t  the stations where velocity observations were taken the 
strengths of flood and ebb occur on the average from one to two hours 
after the times of low and high water, respectively. This relation 
of current to tide indicates the presence of a combined stationary and 

the surface and the e B b velocity decreases slightly with increased 

and Zarem E o Island current observations have been taken at the six 



Fro. 31.-Current stations, Clarence Stralt 
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progressive wave movement. Referring to Table 40 it will be seen 
t8hat at  station 12 the flood stream flows in a northwesterly direction, 
while at  the stations in the vicinity of Snow Passage the flood runs 
southeasterly. These two streams running in opposite directions 
reach their maximum strength at about the same time. This condi- 
tion appears to be due to a flood stream coming from each direction, 
the stream from Sumner Strait following the Zarembo Island shore, 
and the one from Clarence Strait flowing to the westward of the 
Kashevarof Islands. On the ebb these currents are reversed in direc- 
tion, the ebb streams in the vicinity of Bushy Island flowing north- 
westward through Snow Passage and southeastward into Kashevarof 
Passage. 

.At station 14 a series of pole observations covering a period of 
two and three-fourths days was obtained. A maximum velocity of 1.1 
knots was observed during this time. The observations of both 
velocity and direction were too irregular to admit of the usual tabula- 

Fm. 32.-Curren t station, Bumett Inlet 

tion and reduction. Data for this station, therefore, do not appear in 
the table. 

It will be noted that the values for both velocity and duration at  
each station are greater for the northwesterly than for the south- 
easterly direction. It appears, therefore, that Clarence Strait, in 
common with similar passages in southeast Alaska, experiences a per- 
Inanent northwesterly set of the current. Subsurface observations at  
station 13 show conditions similar to those existin at  station 9 in 

decreasing as the bottom is approached. The duration of flood and 
ebb are, however, approximately the same a t  the different depths. The 
Permanent current, as at  several stations previously discussed, shows 
some decrease with increased depth. 

Burnett Inlet is a small arm of Clarence Strait,extending north- 
Ward into Etolin Island. It is about 7 nautical miles in length and 
has an average width of about one-fourth mile. Current observa- 
tiohs covering 8 period of six and one:half days were taken at statioh 
18, shown on Figure 32. The data derived from the observations are 
given in Table 40. The current at  this station seems to be rather com- 

fhnner  Strait, the flood velocity increasing and t fl e ebb velocity 

10558-28---8 
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plex in its. nature and irregular with respect to the tide. The 
strength of flood occurs on the average about 1.8 hours before hi h 
water and the strength of ebb about 0.8 hour before low water. T i e  
results of observation show a permanent southerly current of about 
one-fourth knot, due no doubt to fresh-water run-off. 

FIQ. Sa.-Current stations, vicinity of Wrangell Island 

Fouk current stations have been occupied in the vicinity of 
Wrangell Island, one off the town of Wrangell one in the southern 
part of Eastern Passage and two in Blake bhannel. Figure 83 
shows the location of these stations, and the data for stations 19, 21, 
and 22 are given in Table 40, Station 20 was occupied but seven 
hours and an irre ular current of about half a knot maximum velocity 
occurred dyrlng t w at period. At station 19 the observed current was 
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weak and very irregular a t  times, and it seems probable that this 
station is located too near the shore to experience the full strength 
of the current. The velocities given in the table indicate a perma- 
nent northerly set of about 0.12 knot, and the values for duration 
Of flood and ebb show that the northerly stream at this station flows 
3.06 hours longer than the southerly stream. 

At station 21 in Blake Channel 25 hours of observations were 
obtained and during 8 hours of this time observations were being 
made at  station 22. These observations show that the flood current 
enters Blake Channel from both ends, reaching its strength at  sta- 
tion 22 about 1% hours before high water. At  station 21 the flood 
stream from Eastern Passage begins to flow about 1% hours after 
high water and requires approximately 7 hours to reach its strength. 
Naving reached its flood strength the current diminishes to another 
slack in about 1% hours, this slack being followed by a period of ebb 
of approximately 4.2 hours’ duration. The long, slow increase in the 
strength of flood is apparently due to the constricted nature of the 
narrows between Eastern PassaFe and Blake Channel, whereas the 
Sudden decrease from strength ot flood to slack is evidently caused by 
the flood current from the south meeting that from the north. It was 
noted by the observing party at station 21 that at  the time these two 
currents meet the current from the south follows the eastern shore of 
the channel and that from the narrows clings to the western shore. 
The data derived from observations at  stations 21 and 22 indicate a 
Very pronounced nontidal set to the southward in Blake Channel. 
This set is probably due in part at  least to fresh water from streams 
emptying into this passage. 

8. THE CURRENT IN WRANGELL NARROWS 

20 nautical miles 
in length connecting the eastern portion of B umner Strait with 
hedenck Sound. It has a least width of about 400 yards and 
Varies considerably in depth, the shoaler parts having a depth in 
Gd-channel of a b u t  2% fathoms at mean lower low water. Six 
stations at which current observations have been obtained in Wrangell 
“arrows are plotted on Figure 34 and the results derived from 
the observations are given in Table 41. In  making use of this 
table it should be borne in mind that currents observed with a 
Qeter at  depths of on1 a few feet were probably considerably 
modified by the hull of t E e observing vessel. At stations 24 and 25 
b e s  of slack water only were observed. 

The tidal movement is practically simultaneous at the two ends 
Of the narrows, the tide occurring only about 0.2 hour earlier at  
Point Lockwood than at Petersburg. The range of tide is ap- 
Proximately 13.5 feet at the northern entrance and 13.1 feet at 
the,southern, while near the center it is about 14 feet. A com- 
Parison of the observed currents with the tides indicates that through- 
O r t  Wrangell Narrows the slack waters occur near the times of 
hlgh and low water, the strengths occurring approximately midway 

The flood streams enter from both ends and 
Q@t somewhere north of station 86, the reported meeting place being 
‘he stretch of water between Green Poipt and Tonka. 

Wrangell Narrows is a passage approximatel 

these times. 
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Fro. 84.-C;rremt rtatlons, Wrang& Narrowe 



TABLE 41 .-Cuweni data, WrangeU Narrows 
[Referred to time of current at Sergius Narrows] 

N. 62OE. 3.10 

I O w r -  Slack 
Party of- VatiODS Depth before 

I with- 1 II/_ I sta- 
tion Location 
No. ~ 

6.86 

I--- 

i Ftd Hours 
3. io  

7 2.45 

I -1 
i 
I 

23 ~ Off Deception Point- - - October, 1923--..-- J. E. Hawley. -.I Pole __.__ ___.___ 
Do _____.___________ August, 1925- - _.. - L. M. Zeskind. - '  
Do ______._._______. _____do _____..______ ._.__do _ _ _ _ _ _ _ _ _ _ _  
Do ___._____________ _ _ _ _ _  do ___-----__.__ _ _ _ _ _  do _ _ _ _ _ _ _ _ _ _ _  I 

1 Do _________.______.,_____ do _ _ _ _ _ _ _ _ _ _ _ _ _  _____do ___-._----- 

;lack 
efore 
ebb 

%'ours 
3.20 
2.23 
2.39 
2.40 
2.06 

2.43 

Flood strength 
- 

Time 
__- 

Hours 
2. 60 
2.09 
1.94 
1.81 
1.54 

.._.... 

- 

'ime 

- 
lours 
2.80 
2.37 
264 
2.50 
2.47 

1.92 
1.95 
1. 95 
2. 05 

2 70 

260 

2.91 
290 
2. 91 
2. 93 
.-_-- 

- 

True 
3. 15'W. 
3.10 w. 
__.______. 

..__..___. 
_..._...._ 

_..__...___..._.. 

Direction ":$- 

Knots 
1.32 
1.11 
1.16 
.97 
.67 

True Knols 
N.4'W. 0.82 
N . 8 0 W .  I .RB 

N.28'W. 

_____...._. 

S.52" w. 

S. 52O W. 

S. 57'W. 

_.__._...__ 

...______._ 

_.__.__.._. 
._____-__._ 
._______.__ 
. . - - -. . - -. - 

1.25 
.88 

1.15 
1.22 

2.06 

4.70 

3.41 
2.94 
3.34 
2.68 

- -. - - - 

- 
~ 

Flood 
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dura- 

____..___. ' 3 . 0 0  
........-- 1 2 . 4 3  
_._______. __.__.. 

Hrmrs 
6.02 
5.70 
5.75 
5.98 
5.98 

6.20 

5.87 

5.80 
5.92 
6. 12 
6. 18 

5.62 

6.07 

5. 56 
5. S i  
5. 85 
5. 72 
5.50 

6.57 
6.70 
6.92 

2.00 

2. 18 
2. 22 
2. 38 
2. 38 

2. 30 

2. 65 

2.40 
2. 43 
2. 40 
2. 35 
2. 37 

2.90 
3.00 
2. 80 
2 70 

3. 10 
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2 69 
264 
2.59 
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__... 
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I- 

5 W E .  1.00 
__..._.._. .a 
--. -. .__-. .95 
-. .-. _..-_ 1 .95 

~ ~ 

Ebb 
!ura- 
tion 

four8 
6.40 
6. 72 
6.67 
6.44 
6.44 

6. 13 

6. 55 

6.62 
6.50 
6.30 
6.24 

6. 80 

6.35 

- __ 

Length 
of 

obser- 
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Days 

4 
4 
4 
4 

8 

% 

1 

2 
2 
2 
2 

w 
% 

16 
10 
10 
16 
5 

__ 
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Values given in Table 41 show that the current occurs at practi- 
cally the same time at stations 23 to 26, inclusive, the average time 
of current at these stations being about 0.4 hour earlier than at 
station 28. Sixteen days of continuous observations were taken at 
station 28, and the values from this series may be considered as rela- 
tively well determined. 

It will be noted that the velocities in the vicinity of Petersburg 
are considerabl greater than at the stations in the southern half of 
the narrows. &he velocities given in the table are, with the excep- 
tion of those for station 26, greater for the south-going than for the 
north-going stream, At station 26, however, the southerly stream 
has the greater duration, and it seems safe to conclude that there is 
an appreciable southerly nontidal set of the current through Wran- 
gel1 Narrows. 

Considering the times of flood and ebb strength for the various 
depths at stations 23 and 26, it will be seen that in eneral the time 

while the time of ebb strength becomes earlier with increasing depth. 
At station 28 the times of flood arid ebb strength are approximately 
constant from the 4-foot depth to the 20-foot depth, as are also the 
duration of flood and ebb. At stations 23 and 26, however, the dura- 
tion of the flood stream shows an increase and that of the ebb stream 
a corresponding decrease as the bottom is approached. At all three 
stations at which subsurface observations were taken, if  the 4 and 
5 foot meter observations are disregarded, the velocities of both flood 
and ebb show a decrease with increasing depth. 

For the purpose of predicting the times and velocities of the cur- 
rent in Wrangell Narrows current harmonic constants (see Appen- 
dix, pp. 135 and 144) for the channel off Petersburg have been detrr- 
mined from the tidal harmonic constants1 for Petersburg. The 
amplitudes of the current components were derived by appl ing to the 
amplitude of each corresponding tidal component, first, a P actor rep- 
resenting the speed of the component, and, second, a factor represent- 
ing the ratio of the average velocity at strength of current to the 
product obtained by applying the first-mentioned factor to the tidal 
amplitude of the principal lunar component M,. In  deriving the 
epochs of the current components two corrections were applied to the 
epoch of each tide component; a correction of 90" to take care of the 
approximate phase difference between the tide and the current and 
a smaller correction representing the lag of the current. with respect 
to the tide. The latter correction was obtained for each component 
by applying to the speed of the component a factor representing the 
average lag. 

In  Table 42 are given the results of the determination. The 
amplitudes are expressed in knots and the epochs in degrees, the 
epochs being referred to the local meridian. 

of strength of flood is approximately the same at the 9 ifferent depths, 

lFor a detalled d~ECUS8fOn of harmonic analyals, see Special Publication No. 98, Har- 
monic Analyeis and Prediction of "Idea, by Paul Schurernan, U. El. Coast and Geodetic 
Survey. 
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TABLE 42.-HamzoJc conatants, off PetembUrg, W r w e l l  Narrows 

Component Component 

KWt8 
3.30 
1.11 
.66 
.44 
.07 
.25 
.I3 . 02 

Degrees 
288.0 
337.0 

49.8 
176.0 
36. 1 

331. 6 
23.6 

278.8 

Predictions of the times of slack 
of strength of current in Wrangell 

32 1 
49.8 

243. 1 
302.6 
301.6 
a=. 1 

water and the times and velocities 
Narrows, off Petersburg, for each 

FIG. 35.-Current stations, Frederick Sound and vicinity 

day of the year, made by means of harmonic constants are included 
in the Pacific coast current tables, published annually in advance 
by the Coast and Geodetic Survey. 

9. CURRENTS IN FREDERICK SOUND AND VICINITY 

On Figure 35 are plotted 6 current stations, 3 in the eastern half 
of Frederick Sound and 8 in the southern end of Stevens Passage. 
Data derived from observations at  four of these stations are given 
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in Table 43. The currents at stations 32 and 34 appear to be irregular 
and comparatively weak. At  station 32 the current flowed in a Eouth- 
erly direction with a velocity varying from 0.5 to 0.8 knot during 
a period of observation covering 5% hours, while a t  station 34, 26 
hours of observations distributed over a period of 4 days showed a 
southerly current of from 0.0 to 0.8 knot during 25 of the 26 hours 
and a northerly current running about 1 hour with a maximum 
velocity of 0.2 knot. 

At  stations 29 and 30 the current flowed continuously wesiward 
during the periods covered by the observations and the negative 
values given for the velocity of flood strength in Table 43 repre- 
sent minimum velocities in an ebb direction which occur at  the 
times of flood strength of the tidal current. These velocities have 
been reduced to a mean value by correcting for range of tide and 
they lead to the conclusion that at  these stations the current flows 
continuously in a westerly direction during the greater part of, 
if not throughout, the lunar month. 



TABLE 43.--Current data, Frederick Sound and vicinity 
[Referred to time of current at Sergius Narrows] 
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Computing the nontidal current from the values given in Table 
43 for stations 29, 30, and 31, it is found to have a velocity of 1.10, 
0.48, and 0.19 knots, respectively. These values for the velocity of 
the nontidal current together with the corrected observed velocities 

iven in Table 43 show that both the nontidal and tidal velocities % ecrease from station 29 westward. Tidal observations indicate that 
both the time and range of the tide are practically the same for all 
the stations in Table 43. At station 31 observed strengths occurred 
approximately midway between the times of high and low water. 
At this station the observed current was somewhat rotary in character 
(see Appendix, p. 139), the current changing from flood to ebb and 
vice versa by a clockwise shift in direction rather than by passing 
through a slack to a reversal in direction. The velocity, however, 
became relatively small at the times given for slacks in the table, the 
direction at these times being approximately 90 degrees from the 
direction at times of strength. 

' 

The times of strength given in Table 43 show that at station 30 the 
current occurs 2 hours and at statmion 29, 1 hour later than at station 
31. I t  is not apparent why the current should be later at  station 30 
than at station 29. Both stations are in deep water and in mid- 
channel, and it seems probable that longer series of observations at 
these stations would give more consistent results. 

Referring to the data for station 33, it will be seen that here the 
current strength near the surface occurs roughly 0.4 hour earlier 
than at station 31. The time of current at this station became later 
from the surface to the bottom, the average retardation in the time 
of strength being about 0.04 hour per foot of depth. No marked 
change in velocity or duration of flood and ebb from the 7-foot to 
the 54-foot depth is shown by the table. The flood or northerly 
stream has a greater velocity and runs longer than the ebb. This 
seems to indicate a northerly nontidal set in Stephen Passage, but 
it will be noted that observations at  stations 32 and 34 indicated a 
permanent southerly set. All three of these stations are located 
near shoals and it is likely that eddies and countercurrents prevail 
in these areas. Moreover, the currents in this vicinit are weak and 
therefore easily modified by prevailing meteorologica 9 conditions. 

IO. CURRENTS I N  PERIL STRAIT AND NEIGHBORING PASSAGES' 

Under this heading currents in Killisnoo Harbor, Kootsnahoo 
Inlet, Peril and Neva Straits, and Klag Ray will be discussed. 

Killisnoo Harbor and the entrance to Kootsnahoo Inlet are on the 
eastern shore of Chatham Strait opposite the entrance to Peril 
Strait. Killisnoo Harbor lies between Killisnoo Island and Ad- 
miralty Island, and has an area of about one-half square mile. 
Kootsnahoo Iniet consists of a group of narrow rocky assages ex- 
tending several miles into the interior of Admiralty %land, and 
terminating in Favorite, Mitchell, and Kanalku Bays. 

Two current stations in Killisnoo Harbor, and one in the entrance 
to Kootsnahoo Inlet are shown in Figure 36, and data derived from 
the observations are given in Table 44. At station 35 the times 
of 121 slack waters were obtained and referred to Sitka tides. From 
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a mean of the differences thus obtained and the relation between 
Sergius Narrows currents and Sitka tides determined from five 
months of observations, the time differences given for this station in 
Table 44 were deduced. At  both stations in Klllisnoo Harbor the 

current exhibited great irregularity, velocity observations a t  station 
36 being too irregular to allow of the usual comparison. The series 
at this station covered a period of 22 hours and showed yelocities 
at stren th varying from 0.5 to 2.9 knots. The values given for 
Station 35 are based on a single observatlon of strength of flood. 
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The following statements, based on the report of the survey arty 
that obtained the current observations at stations 35, 36, and 3 r ,  are 
consistent with the observational data. 

I n  Killisnoo Harbor the current is very irre ular. The average 
current, however, during the last half of the f alling and the first 
half of the rising tide sets into the harbor from the south and out 
through the north channel. During the last half of the rising and 
the first half of the falling tide the current sets eastward through the 
north channel and out through the southern entrance. 

The currents have great velocity in the narrow passages of 
Kootsnahoo Inlet. Off Turn Point an estimated velocity of 8 knots 
is attained at times of spring tides. Rapids occur in the area south 
of Turn Point. I n  the vicinity of station 3'7 the current slackens 
about one and one-half hours after high water at Killisnoo. Pass- 
ing Turn Point the flood current divides and sets strongly into 
the various passages. Off Bridge Point in the channel leadin to 
Mitchell Bay a probable velocity of 10 knots occurs, accompanief by 
much eddying and swirling. 

Peril Strait separates Baranof Island from Chichagof Island, and 
forms a connectin waterway approximately 40 miles in length 
between Chatham 5 trait and Salisbury Sound. The narrow part 
of the passage extends about 12 miles in a northeasterly direction 
from Salisbury Sound to Povorotni Island. Here the strait broadens 
to about 2 miles in width, continues in a northeasterly direction 
for about 5 miles, and extends for the remainder of its length in a 
general southeasterly direction to Chatham Strait. 
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Fro. 37.-Current stationa, Peril Stralt 
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Current observations have been obtained at four stations in the 
narrow portion of Peril Strait. The stations are plotted on Figure 
37 and the results for three of the stations are given in Table 44. 
The fourth station, Sergius Narrows, is used as a reference station 
ior  currents in this publication, and the data derived from four series 
of observations at  this station, referred to the times of tide at Sitka, 
are given in Table 45. The time differences given in this table for 
the 5-month series of slack-water Observations are quite well deter- 
mined and may be used in connection with the differences for other 
stations referred to Sergius Narrows to obtain the approximate time 
relation between the current at those stations and the tide a t  Sitka. 
I n  eneral, however, the currents of this region conform more closely 
to # ergius Narrows currents than to Sitka tides. 

The results of tide observations show that the tidal range is more 
than 4 feet greater and the high and low waters occur :il)out 0.3 or 
0.4 hour later in the vicinity of Povorotni Island than in Salishnry 
Sound. Hence there is a practically simultaneous tide with a 
marked difference in range at  the two ends of the narrow portion of 
Peril Strait. It has been shown in the discussion for Tlevak Nar- 
rows that such a tidal condition produces reversing hydraulic cur- 
rents which reach their strengths soon after the times of high and 
low water. That the current in the western part  of Peril Strait is 
of this sort is shown by the observations. The two days of float 
observations at  station 41 indicate that the strengths of current at 
this station follow the high and low waters by about 0.8 hour. 

A t  station 40 the lag of the strengths after high and low Fvaters 
is shown by 4 days of observations to be slightly more than an hour, 
whereas the short series at  stations 38 and 39 seem to indicate that the 
lap decreases toward the northern end of the passage. 

Referring to Tables 44 and 45 i t  will be noted that the ebb or 
southerly stream flows considerably longer than the flood at all the 
stations, and at  station 40 where a 4-day series of velocity observa- 
tions was secured the ebb stream shows a slightly greater velocity 
than the flood. It seems safe to conclude. therefoi-e, that there is a 
nontidal set of the current in an ebb direction in Peril Strait. The 
values given for station 40 shows no marked change in the current 
a t  the subsurface depths, the times, velocities, and durations being 
approximately the same from the 7-foOt to the 80-foot depths. 

Harmonic constants for the prediction of currents in Sergins Nar- 
rows have been derived from tidal harmonic constants for Sitka and 
Sergius Narrows. The current constants given in Table 46 represent 
the instantaneous difference in heights of tide between Sergius I’ ar- 
rows and Sitka, the difference being positive when the level a t  Ser- 
gius Narrows is higher than that a t  Sitka. The amplitudes ase ex- 
pressed in feet and the epochs in degrees are referred to the local 
meridian. Since the velocity of the current is a function of the 
hydraulic head, an empirical factor is applied to the amplitudes in 
the table when the velocities are to be expressed in knots. The 
epochs must also be corrected for the lag due to the inertia of the 
water. Current predicitions for Sergius Narrows made by the har- 
monic method are included in the Pacific Coast Current Tables, pub- 
lished in advance annually by the Coast and Geodetic Survey. 
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Degrees 
34.8 
67.7 
17.1 

187.0 

TABLE 46.--Harmonic constante, station 4 3 ,  Sergius Narrows 

[Constants represent the instantaneous differenoe in heights of tide between Sergius Narrows and Sitka 
the difference being positive when the level at Sergius Narrows is higher than that at Sitka] 
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Neva Strait is one of a. group of narrow inland passages which 
connect Sitka and Salisbury Sounds. It extends about 4 miles in a 
general northwesterly-sout~leasterly direction, and has a least widtli 
of about one-eighth mile and a least depth of 4 fathoms in mid- 
channel. Current observations in Neva Strait were taken at sta- 
tion 42 in Whitestone Narrows. The position of this station is 
plotted on Figure 38 and the results of the observations are given 
in Table 44. A series of 59 slack-water observations was obtained 
at station 42 and the times referred to high and low waters a t  Sitka. 
The time re1 t' iven for this station in the table were deter- 
mined as explained a, lonS f or station 35 in Killisnoo Harbor. The obser- 
Vations show that slack waters occur very near the times of high 
and low water. The values for duration of flood and ebb show that 
the ebb or northwesterly stream flows on the average half an hour 
longer than the flood. This difference seems to indicate a north- 
westerly nontidal set. 

Following are statements based on a descriptive report accompany- 
ing the observations for station 42. At Whitestone Narrows the slack 
Waters normally occur near the times of high and low water, but the 
time is much influenced by the direction of the wind, a northwesterly 
Wind increasing the duration of the flood and decreasing that of the 
ebb, whereas a southeasterly wind has the reverse effect. The cur- 
rent has a velocity a t  strength of 2 to 3 knots during spring tides 
and an average velocity a t  strength of 1 to 2 knots. 

Klag Bay is one of the arms of Kh?z Ray and connects with it 
through Elbow Primage. Current station 43, in Elbow Passage is 
plotted on Figure 39 and the results derived from 25 days of slack- 
Water observations iwe given in Table 44. A comparison of the 
times of slack water with the times of local tide shows that on the 
average the slack waters follow the high and low waters by slightly 
more than an hour. It will be noted that the observed flood current 
runs nearly half an hour longer than the ebb. A very strong ebb 
current has been reported in the western part of Elbow Passage and 

Seems likely that a t  station 43 the greater duration of the flood 
stream is con1 ensated for by II areater velocity of the ebb stream. 
Since Elbow gassage serves as h e  only outlet for Klag Bay ant1 
adjacent lakes and glaciers, a permanent westerly current due to 
drainage would be expected through the passage. 
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Fro. 88.-Current statlon, Neva Strait 
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Fro. BB.-Currcnt etation, Klag Bay 
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11. T H E  CURRENT IN ICY STRAIT A N D  CROSS SOUND 

Icy Strait and Cross Sound form a continiious passage having a 
total length of approximately 60 nautical miles and an average width 
of tlboixt 7 miles. This passage separates Chichagof Island from the 
mainland and extends in a general westerly direction from the junc- 
tion of Chatham Strait and Lynn Canal to the sea. 

The results derived from current observations taken a t  four sta- 
tions in this passage are given in Table 47 and the stations are 
plotted on Figure 40. At stations 44 and 47, 21h days of velocity 
observations were secured at  depths of 7, 20, 50, and 80 feet. At 
stations 45 and 46 the times of slack water mere observed for periods 
of 3 days and'24 days, respectively. 

An investigation of the tides of tliis region shows that the tide is 
practically simultaneous throughout Cross Sound and Icy Strait, 
and that the average range of tide increases with approximate uni- 
formity from about 8 feet in the western portion of Cross Sound to 
13 feet at the eastern end of Icy Strait. It has been shown that a 
tidal condition of this sort produces hydraulic differences in head 
which reach their maximum at the times of high and low water, and 
that the resulting currents attain their strength near these times. It 
is found, however, by comparing the current a t  station 44 with the 
tide that the strengths of current occur midway between the times of 
high and low water a t  which times there is no hydraulic difference 
in the water level. I t  appears, therefore, that in Icy Strait and Cross 
Sound as in Sumner Strait the hydraulic current-producing force 
has a negligible effect and that the current is due to  a stationary-wive 
type of tidal movement. 



FIG. 40.-Current stations, Icy Strait and Cross Sound 



TABLE 47.-Current data, Icy Strait, Lynn Canal, and connecting passages 
[Referred to time of current at Sergius Narrows] 
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From a study of the currents in the various passages of southeast 
Alaska it seems reasonable to infer that alternating differences in 
water level at two ends of a tidal passage produce currents of the 
hydraulic type only when the passage or a portion of it is narrow 
or restricted in its nature. In  the broader waterways it appears 
that wave movements are the controlling factors in current produc- 
tion, the hydraulic effects being masked or obliterated by these 
movements. 

Referring to Table 47 it will be noted that at  station 45, which is 
about one-fourth mile offshore and in relatively deep water, the slacks 
occur on the average 0.2 hour earlier than at station 44 in midstream. 
At station 46, which is close to shore in shoal water and well away 
from the main part of the stream, the slacks occur about 1.7 hours 
earlier than at station 44. In  general a similar condition is found 
wherever current observations cover a cross section of a stream or 
passage, a given phase of the current occurrin earlier near the shore 
or in shallow water than in mid-channel. T%is phenomenon seems 
to be due to the combined effect of friction and inertia. The inertia 
of the large mass of water in midstream tends to resist any force act- 
ing to change its rate or direction of motion, whereas the relatively 
small mass of the shallow water near shore having less inertia 
responds more quickly to forces acting to change its velocit 
direction. It is a parent that the force of friction near the s ore 

the motion of the water. In  the case of strengths of current this 
retarding effect acts to decrease the acceleration as soon as the force 
producing the flow has passed its maximum, whereas in the center of 
the stream, where the force of friction is less, acceleration continues 
longer and the strength consequently occurs later than near the shore. 

At station 47 the observed strengths of current occur about three- 
fourths of an hour earlier than at  station 44, and as would be ex- 
pected from its location in a broader part of the strait the velocities 
arc much smaller than at station 44. The values given in the table 
for the velocities and durations of the flood and ebb streams show 
that the ebb attains a greater velocity and runs considerably longer 
than the flood a t  each of the stations. The permanent westerly cur- 
rent indicated by these values had during the periods covered by the 
observations a velocity of about 1.1 knots at station 44 and 0.6 knot 
at station 47. At the latter station a practically continuous ebb cur- 
rent was observed at  the ?'-foot depth, but as in the case of similar 
stations in Tongass Narrows and Sumner Strait the observations 
were taken near the times of neap tide, and when corrected for ran e 
of tide a positive mean value for strength of flood was obtained. t t  
is therefore inferred that a continuous westerly current occurs at  
station 47 during neap tides and a reversing current with a small 
flood velocity at  other times. 

At stations 44 and 47 the results show that the current occurs earlier 
at the lower depths than near the surface. They also show an in- 
crease in the duration of the flood stream and a corresponding de- 
crease in the dwation of ebb as the bottom is approached. At station 
47 a flood current was actually observed at the 50 and 80 foot depths 
when the current was ebbing continuously a t  the surface. An in- 
crease in the velocity of flood and a decrease in the velocity of ebb 
with increasing depth is also noted at these two stations. 

1 Or 
tends to advance t ph e time of slack water by its retarding effect on 
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Tidal harmonic constants for Hooniah together with nonharmonic 
values derived from the few current observations available have 
been used in the determination of harmonic constants for the cur- 
rent in North Inian Pass. These harmonic constants are used for 
predicting the times of slack water and the times and velocities of 
strength of current for each day in the year. Such redictions for 
North Inian Pass are included in the Pacific Coast E urrent Tables 
beginning with the issue for the year 1927. 

12. CURRENTS IN LYNN CANAL AND VICINITY 

Lynn Canal extends from the junction of Chatham and Icy Straits 
in a north-northwesterly direction for a distance of about 55 nautical 
miles. It has a width of from 3 to 7 miles and connects with the 
northerly end of Stephens Passage through Favorite and Saginam 
Channels. Two current stations have been occupied in each of these 
channels and one in Lynn Canal. Data derived from the observa- 
tions are included in Table 47 and the stations are plotted on Figure 
41. 

The currents observed at these stations were comparatively weak 
and were irregular with respect to the tide, which is practically 
simultaneous throughout the vicinity of Favorite and Saginaw Chan- 
nels. At station 48, where the observed current was more regular 
than at  the other stations, the strengths occurred about 2% hours be- 
fore the times of high and low water. The results given for stations 
48 and 49 show in general n greater velocity for the ebb or northerly 
stream than for the flood. Velocities given for station 51 show no 
marked difference between flood and ebb. At :dl three stations, how- 
ever, the ebb stream runs much longer than the flood, and a permanent 
set of the current from Stephens Passage into Lynn Canal is thus in- 
dicated. At station 49 the velocity and duration of the flood stream 
show an increase and the velocity and duration of the ebb a decrease 
with increasing depth. At station 51 the velocities and durations for 
the different depths are irregular and show practically no progressive 
change with increasing depth. A half day of observations at station 
50 showed an irregular current with a velocity varying from 0.0 to 
0.8 knot. 

The results for station 52 indicate conditions similar to those ex- 
isting a t  station 49, the values for duration and velocity of flood and 
ebb showing a ermanent ebb current. There is also shown an in- 

in the velocity and duration of the ebb stream with increasing depth. 
,4t this station the permanent southerly set of the current is doubt- 
less due to fresh water run-off. Since the current velocities are small 
at  all of these stations, the effect of meteorological changes is rela- 
tively great and the irregularities noted are doubtless due to such 
disturbances. 

crease in the ve P ocity and duration of the flood stream and a decrease 

13. NONTIDAL CURRENTS IN SOUTHEAST ALASKA 

A ar t  from the case of rivers where continuous discharges of 
fresf water occur, there is often a permanent nontidal current set- 
ting always in the same direction through an inland waterway. ID 
some passages currents of this sort are of sufficient strength to over- 





126 U. S. COAST AND GEODETIC-SURVEY 

come completely the tidal current, and the result is a one-way cur- 
rent. The effect of the tidal current in this case is to alternately 
increase and decrease the velocity of the one-way current, the velocit 
being a maximum when the tidal current acts in conjunction wit 
the permanent current and a minimum when it acts in a reverse 
direction. 

Good examples of nontidal currents in tidal waterways are found 
in some of the passages of southeast Alaska. Many of these passages 
extend in a northwesterly-'southeasterly direction, and the set of the 
nontidal current is in general northwesterly. The effect of this 
permanent northwesterly set of the current was noted in the year 
1889 by Capt. H. H. Lloyd, a pilot of the Parific Coast Steamship 
Co., in the drift of a spar buo from Wrangell Narrows to a point 
near the western end of Icy d r a i t .  The observed positions of the 
buoy on May 29, July 22, and August 23, respectively, as well as 
the probable route followed are shown in Figure 42. The shortest 
,distance by water between the first and last observed positions is 
approximately 180 nautical miles, but the route indicated in the 
figure covers a distance of about 235 miles. The longer route is 
considered the one more likely to have been followed for two rea- 
sons. First, the results of different series of current observations 
in Wrangell Narrows indicate a permanent southerly set of the 
current in this passage, which set is a notable exception to the gen- 
eral northwesterly drift. A floating body in Wrangell Narrows 
would therefore be expected to float in a southerly direction into 
Sumner Strait. Here observations show there is a pronounced west- 
erly nontidal set which would cause the buoy to  follow the path 
indicated in Figure 42. 

The se ond consideration is based on a comparison of the times re- 
quired for the buoy to drift from the first to the second, and from 
the second to the third observed positions. I n  passincf: from the 
first to the second position the buoy would have travele a distance 
of 95 miles by the short route through Frederick Sound or 150 
miles by the long route through Sumner Strait. The distance was 
covered in 54 days. This was a t  an average of 0.07 knot by the short 
path or 0.12 knot if the longer path were followed. The buoy 
traveled from the second observed position to the third, a distance 
of 85 miles in 32 days. This was a t  the rate of 0.11 knot which 
compares more favorably with the rate of 0.12 knot for the long 
roiite between the first and second positions than with the rata of 
0.07 knot for the shorter route. 

Values for the velocities and directions of the npntidal currei.ts 
have been computed for each station in southeast Alaska where the 
observations covered a period of time sufficient for this purpose. 
Since the observed current velocity is a combination of the tidal and 
nontidal velocities it is necessary to separate the two in order to 
obtain the nontidal velocity. This becomes a simple process when it 
is considered that the nontidal current acts always in the same direc- 
tion whereas the tidal current reverses, the observed current velocity 
being the sum of the two velocities in one direction, and their differ- 
ence in the reverse direction. The nontidal current velocity is, there- 
fore, one-half the difference between the velqcities observed at the 
times of current strength for the two opppsite directions, and its 
direction is the direction of the greater velocity. 

t 
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FIQ. 42.-Nontldal currents, eoutheaat Alaska 
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I n  Figure 42 the nontidal currents are indicated by arrows point- 
ing in the direction the current is flowing together with numbers giv- 
ing to the nearest tenth of a knot the velocities derived from observa- 
tions as explained above. Several days of observations have been 
obtained in each passage where a nontidal current is indicated on the 
figure. Where two or more series of observations are represented by 
a single arrow the velocity given is an approximate average of the 
velocities derived from the different series, consideration being given 
to the length of each series. 

The velocities given in the figure are based on observations taken 
near the surface of the water, and repre-ent in most cases the average 
nontidal current for the first 14 feet below the surface. At  some of 
the stations subsurface observations were made at  various depths and 
these show that the nontidal current flows a t  all depths, there being 
in general a slight increase in velocity below the surface followed by 
a pronounced dercease as the bottom i s  a proached. A typical case 

1.2 knots was encountered at the ?-foot depth, 1.3 knots a t  the 20-foot 
depth, 0.8 knot at  the 50-foot depth, and 0.4 knot at the 80-foot de tli. 
The total depth of water at this station was approximately 100 get. 
Referring to the drift of the buoy already discussed, it will be noted 
that nontidal current velocities of from 0.6 knot to more than a knot 
prevail in the probable path of the buoy in Sumner and Icy Straits. 
Unfortunately no current observations are a t  hand for Chatham 
Strait, but the nontidal current here must be appreciable since a 
large part of the route traversed by the buoy lies in this passage. 

A t  two stations where current observations were made in the 
eastern half of Frederick Sound the nontidal current had consider- 
ably more strength than the tidal current, and the result was a con- 
tinuous northwesterl flow. A similar condition prevailed at sta- 
tions in Icy Strait, Jumner Strait, and Tongass Narrows. It hap- 
pened, however, that observations in these three waterways were 
taken at  times of neap tides, at  which times the tidal currents are 
below their average in strength. Moreover, the velocities of the 
observed currents in these passages became quite small at  the times 
corresponding to the opposing strengths of tidal current. It is 
reasonable to infer, therefore, that in Icy Strait, Sumner Strait, 
and Tongass Narrows the condition of continuous flow prevails dur- 
in only part  of the month, the current reversing at  times of spring 
ti f es. I n  the eastern end of Frederick Sound, however, during 
avera e tides a westerly current of from 0.2 to 0.4 knot was ob- 
serve f at times of strength of flood of the tidal current. It seems 
reasonable to infer that here the nontidal set is the controlling factor 
at  all times and that the current flows throughout the month in the 
direction of this set. 

It will be noted that the nontidal velocities are greater in the nar- 
rower parts of the passages than in the wider portions. This is to 
be expected, since a continuous current necessltates the flow of a 

iven quantity of water through all parts of the passage, and there- 
fore the more constricted the passage the greater must be the velocity 
of the flow. 

While the current observations taken in southeast Alaska cover 
comparatively short periods of time at most of the current stations, 

is that of station 9 in Sumner Strait, w i ere a nontidal velocity of 



TIDES AND CURRENTS I N  SOUTHEAST ALASKA 129 

and the stations themselves are few and in most cases widely se - 
westerly nontidal set through the inland passages of this region. 

I n  seeking a cause for this northwesterly set of the current we 
find that the Kuroshiwo or Japan current flows east across the 
Pacific in about latitude 4 5 O  north. Striking the North American 
coast the stream divides, the larger portion turning in a south- 
erly direction, while the smaller portion turning north, produces 
an inshore current alon the coasts of British Columbia and southern 

passages b the prevailing westerly ocean winds of this latitude, that 

ways of southeast Alaska. 

arated, the results obtained consistently indicate a general nort R - 

Alaska. It is apparent f y this inshore current, driven into the inland 

produces t K e permanent northwesterly set of the current in the water- 



A P P E N D I X  

GENERAL CHARACTERISTICS OF TIDES AND CURRENTS 

[Reprinted from United States Coast and Geodetic Survey Special Publication No. 1111 

I. TIDES, GENERAL CHARACTERISTICS 

DEFINITIONS 

The tide is the name given to  the alternate rising and falling of the level of 
the sea which at most places occurs twice daily. The striking feature of the  
tide is i ts  intimate relation to  the movement of the moon. High water and low 
water at  any given place follow the moon’s meridian passage by a very nearly 
constant interval, and since the moon in  its apparent movement around t h e  
ear th  crosses a given meridian, on the average, 50 minutes later each day, the  
tide at most places likewise comes later each day by 50 minutes, on the average. 
The tidal day, like the lunar day, therefore, has  a n  average lengh of 24 hours 
and 50 minutes. 

With respect to  the tide, the “ moon’s meridian passage ” has  a special signifl- 
cance. I t  refers not only to the instant when the moon is directly above the  
meridian, but also to the instant when the moon is directly below the meridian. 
o r  180” distant in longitude. I n  this sense there a re  two meridian passages in  a 
tidal day, and they fire distinguished by being referred t o  as the upper and 
lower meridian passages or upper and lower transits. 

The interval between the moon’s meridian passage (upper or lower) and the 
following high water is known as the “ high water lunitidal interval.” Likewise 
the interval between the moon’s meridian passage and the following low water  
is known as the “low wafer lunitidal interval.” For  short they a re  called, 
respectively, high water interval and low water interval and a6breviated as 
follows: H W I  and LWI. 

I n  its rising and falling. the tide is accomnanied by a horizontal forward and 
backward movement of t h e  water, called the tidai current. The two move- 
ments-the vertical rise and fall of the tide and the horizontal forward and 
backward movement of the tidal current-are intimately related, forming par t s  
of the same phenomenon brought about by the tidal forces of sun and moon. 

It is necessary, however, to  distinguish clearly between tide and tidal current, 
for  the relation between them is not a simple one nor is it everywhere the same. 
At  one place a strong current may accompany a tide having a very moderate 
rise and fall while at another place a like rise and fall may be accompanied by 
a very weak current. Furthermore, the time relations between current and tide 
vary widely from place to place. For  the sake of clearness, therefore, t ide 
should be used to designate the vertical movement of the water and tidal cur- 
rent the horizontal movement. 

I t  is convenient to  have a single term to designate the whole phenomenon 
which includes tides and tidal currents. Uufortunately no such distinct term 
exists. For  years, however, “ the  tide ” or ‘‘ the tides,” or even “ flood and ebb,” 
have been used in this general sense, and usually no confusion arises from this 
usage, since the context indicates the sense intended; but the use of the term 
tide to  denote the horizontal movement of the water is confusing and is t o  be 
discouraged. 

With respect to tbe rise and fall of the water due to the tide, high water and 
low water h a r e  precise meanings. They refer not SO much to  the height of the 
water as to  the phase of the tide. High water is the maximum height reached 
by each rising tide and low water the minimum height reached by each falling 
tide. 

It is important t o  note tha t  it is not the absolute height of the water which 
is in  question, for  it is not a t  all infrequent at many places to  have the low water  

180 
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of one day higher than the high water of another day. Whatever the height 
of the water, when the rise of the tide ceases and the fall is to  begin, the tide is 
at high water ; and when the fall of the tide ceases and the rise is to  begin, the 
tide is at low water. The abbreviations HW and LW are  frequently used to 
designate high and low water, respectively. 

From 
low water the tide begins rising, very slowly at first, but at a constantly increas- 
ing rate for about three hours, when the rate  of rise is a maximum. The rise 
then continues at a constantly decreasing rate  for the following three hours, 
when high water is reached and the rise ceases. The falling tide behaves in a 
similar manner, the rate  of fall being least immediately after high water, but 
increasing constantly for about three hours, when i t  is a t  a maximum, and  
then decreasing for a period of three hours till low water is reached. 

The ra te  of rise and fall and other characteristics of the tide may best b e  
studied by representing the rise and fall graphically. This may be done by  
reading the height of the tide at regular intervals on a fixed vertical staff gradu- 
ated to feet and tenths and plotting these heights to a suitable scale on crus$- 
section paper and drawing a smooth curve through these points. A more con- 
venient method is to  make use of a n  automatic tide gauge by means of which 
the rise and fall of the tide is recorded on a sheet of paper as a continuous curve 
drawn to a suitable scale. Figure A shows a tide curve for Fort Hamilton, 
N. P., for  July 4, 1922. 

I n  i ts  rising and falling the tide does not move at a uniform rate. 
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FIG. .4.-'lYde curve for Port Hamilton, N. T., July 4, 1023 

In Figure A the flgures from 0 to 24, increasing from left to right, represent 
the hours of the day beginning with midnight. Numbering the hours con- 
secutively to 24 eliminates all uncertainty as to  whether morning or afternoon 
is meant and has the fur ther  advantage of great convenience in computation. 
The flgures on the left, increasing upward from 2.0 to  9.0, represent the height 
of the tide in feet as referred to  a Axed vertical staff. The tide curve presents 
the well-known form of the sine or cosine curve, 

The differcnce in height between a high water and a preceding or following 
low water is known as the " range of tide 'I or " range." The average difference 
in  the heights of high and low water  at any given place is called the mean 
range. 

THE TIDE-PRODUCING FORCES 

The intensity with which the sun (or moon) attracts a particle oP matter on 
the earth varies inversely a8 the square of the distance. For  the solid ear th  as 
a whole the distance is obviously to  be measured from the  center of the earth, 
since that  is the center of mass of the whole body. But  the waters of the 
earth, which may be considered as lying on the surface of the earth, a re  on t h e  
one side of the earth nearer to  the heavenly bodies and on the other side 
far ther  away than the center of the earth. The attraclion of sun or moon 
for the waters of the ocean is thus different in fntensfty from the attraction 
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for  the solid ear th  as a whole, and these differences of attraction give rise 
to  the forces that  cause the ocean waters to move relative to  the solid ear th  
and bring about the tides. These forces a re  called the tide-producing forces. 

The mathematical development of these forces shows that the tide-producing 
force of a heavenly body varies directly as i ts  mass and inversely a s  the cube 
of its distance from the earth. The sun has a mass about 26,000,000 times as 
great as that  of the moon; but i t  is 389 times as far away from the earth. 
Its tide-producing force i s  therefore to  that  of the moon as 26,000,000 is to 
(389)3, or somewhat less than one-half. 

When the relative motions of the earth, moon, and sun are introduced into the 
equations of the tide-producing forces, it is found that  the tide-producing forces 
of both sun and moon group themselves into three classes : ( u )  Those having a 
period of approximately half a day, known as the semidiurnal forces ; ( b )  those 
having a prriod of approximately one day, known a s  diurnal forces ; (c) those 
having a period of half a month or more, known as long-period forces. 

The distribution of the tidal forces over the earth, takes place in  a regular 
manner, varying with the latitude. But  the response of the various seas to  
these forces is  very profoundly modified by terrestrial features. As a result 
we find the tides, as they actually occur, differing markedly a t  various places, 
but apparently with no regard to latitude. 

‘ l ’ l i c w  forces 
go through two complete cycles in a tidal day, and it is because of tlie predomi- 
nance of these semidrtily forces that  there a re  a t  niost placcs two complete 
tidal cycles, and therefore two high and two low waters in a tidal day. 

The princiyal tide-producing forces a re  the semidiirrritil forces. 

VARIATIONS IN RANGE 

The range of the tide a t  any given place is  not constant but varies from (lay 
to  d a y ;  indeed, it is exceptional to And consecutive ranges equal. Obviously 
changing meteorological conditions will find reflcction in variations o€ range, 
but the principal variations :ire due to astrononiic (’auses, being brought about 
by variations in the position of the moon relative to  earth and sun. 

At times of new moon and full moon the tidal forces of moon and sun are 
acting in the same direction. High water then rises higher and low water falls 
lower than usu:il, so tha t  the range of the tide at such times,is greater than 
the average. and the range 
of the tide is then known as the I‘ spring range.” 

When the moon is in its first and third quarters, the tidal force5 of sun and 
moon are  opposed and the tide does not rise as high nor,,fall a s  low 11s the 
average. At such times the tides are called “neap  tidm and thc range of 
the tide then is known as the ‘‘ neap range.” 

It is to be noted, however, that  a t  most places there is a lag of a clay or two 
between the Occurrence of spring or neap tides and the corresponding phases of 
the moon; that  is, spring tides do not Occur on the days of full and new moon, 
but a day  or two later. Likewise neap tides follow the moon’s Arst and third 
quarters after a n  interval of :I day or two. This lag in the response of the tide 
is known as the ‘‘ age of phase inequality ” or ‘I phase age ” and is generally 
ascribed to  the effects of friction. 

The varying distance of the  moon from the earth likewise affects the range of 
the tide. I n  i t s  movement around the earth the moon describes a n  ellime in  a 
period of approximately 27’h days. When the moon is in perigee, or nearest the 
earth, i ts  tide-producing power ts increased, resulting in a n  increased rise and 
fall of the tide. These tides are known as “ perigean tides,” and the range at 
such times is called the ‘‘ perigean range.” When the moon is farthest from the 
earth, its tide-producing power is diminished, the tides at such times oxhibiting 
a decreased rise and fall. These tides a r e  called “a~!ogean t ides” nnd the 
corresponding range the ‘‘ apogean range.” 

I n  the response to the moon’s change i n  position from perigee to ttpogee, it is 
found that, like the responses in  the case of spring and neap tides, there is a 
lag in the occurrence of perigean and apogean tides. The greatest rise and 
fall does not come on the day  when the moon is in perigee, but a day or two 
later. Likewise, the least rise and fall does not ocrur on the day of the moon’s 
apogee, but a day or  two later. This interval varies somewhat from place to 
place, and in 8ome regions it may have a negative value. This lag is known 
as the ‘‘ age of parallax inequality ” or “ parallax age.” 

The moon does not move in  the plane of the Equator, but in  a n  orbit making 
a n  angle with tha t  plane of approximately 23%”. During the month, there- 

The tides a t  such times a re  called “ spring tides 
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fore, thc moon’s declination is constantly changing, and this change in the posi- 
tion of the moon produces a variation in the conpecutive ranges of the tide. 
When the moon i s  on or close to  the Equator-that is, when its declination is 
small-consecutive ranges do not differ much, morning and afternoon tides be- 
ing very much alike. A? the declination increases the difference in consecutive 
ranges increases, morning and afternoon tides beginning to  show decided 
differences, and at the times of the moon’s maximum semimonthly declinn tion 
these differences are very nearly at a maximum. But. like the response to  
changcs in the moon’s phase and parallax, thcre is :I lag in the response to  
the change in declination, this lag being known ns the “age of diurnnl in- 
equality” or “diurnal  age.” Like the phase and p:irallax ages, the diurnal 
age varies from place t o  plncc, being generally about one day, but in  some 
places it may have a negative vrilue. 

When the moon is on or  close to the Equator and the difference betwren 
morning and afternoon tides small, the titles nre known as “equatorinl tides.” 
At the times of the moon’s maximum semimonthly declination, when the differ- 
ences between morning nnd afternoon tides a re  a t  a maximum. tFe tides arc. 
called “tropic tides,” since the moon is then near one of the Tropics. 

The three variations in tlie range of the tide noted ahovc are  exhihited hv the 
tide the world over, but lint (wrywhere to the same degree. In many recinns 
the Yariatinn from nenps to  slirirrgq is thc principal varintion : i n  certain regions 
i t  is the variation from apogee to perigee that  is the principal vmintion; and 
in othpr regions it i s  the vnrintion from equntorinl to tropic tides thnt is the 
predominant variation. 

The month of the mnon’s phases (the synodical month) is npproxirnatt~ly 
29l/h days in  length ; the  month of the moon’s distance (the nnomalistic month) 
is approximately 27$$ drigs in length ; the month of the mnon’s declination f the 
tropic mont,h) is approximntely 271bt (lays in length. I t  follows, therefnre. thnt 
very ronsiderable variation in the range of the tide occurs during a year due 
to the changing relations of the three vnrintions to each other. 

DIURNAL INEQUALITY 

The difference hetween morning and afternoon tides due to the tlcclination of 
the moon is known as diurnal inequality, 2nd where the diurnal ineoirnn1it.v is 
considerable the rise and fall of the tide is affected to  a very miirked degree 
both in time and in height. Figure 13 represents graphically the differences in 
the tide at San Franciwo on October 18 and 24, 3022. On the former date the 
moon wns over the Equntor, while on the  latter date the moon mas n t  its 
maximum south declination for the month. The upper diagram thus represents 
the equatorial tide for  San Francisco, while thc lower diagram represents 
the tropic tide. 

It will bo noted that  on October 18 the morning and afternoon tides show very 
close resemblance. In  both cases the rise from low water  to high water and the 
fall from high water to low water took plrice in approximately six hours. The 
heights t o  which the two high waters attained were very nearly the same, and 
likewise the  depressions of the two low waters. 

On October 24, when the mnon attained i t s  extreme declination for the fort- 
night, tropic tides occurred. The  characteristics of the rise and fall of the tide 
on that  day differ markedly from those on the 18th, when equatorial tides oc- 
curred, these differences pertaining both to the time and the height. Instead of 
iiri approximately equal duration of rise and of fall of six hours, both morning 
aiitl afternoon, as was the  case on the  ISth, we now have the morning rise occu- 
pying Icss time than the afternoon rise and the morning fall more time than the 
evening fall. Even more striking a r e  the differences in extent of rise and fall 
of morning and afternoon tides. The tide curve shows that  there wtis a differ- 
ence of a foot in the two high writers of the 24th and a difference of almost 
3 feet in the  low waters. 

Definite names have been given to  each of the two high and two low waters of 
(I tidal day. Of the hifih watcrs, the higher is called the “higher  high water”  
and the lower tlie “ lower high water.” Likewise,,, of the two low waters of any 
tidal day the lower irr cnlIed “lower Iow water and the higher “higher low 
water .” 

T h e  diurnal inequality may be related directly to the ratio of the  tides 
brought about, respectively, by the diurnal and semidiurnal tide-producing 
forces. Those bodies of water which offer relatively little response to the diur- 
nnl forces will exhibit but little diurnal inequality, while those bodies whlch 
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offer relatively considerable response to these diurnal forces will exhibit consid- 
erable diurnal inequality. On the Atlantic coast of the United States there is 
rekttirely little diurnal inequality, while on the Pacific coast there is consider- 
able inequality. 

I t  is obvious that  with increasing diurnal inequality the lower high water and 
higher low water tend to become equal and merge. When this occurs there is 
but one high and one low water in  a tidal day instead of two. This occurs 
frequently at Galveston, Tex., and at a number of other places. 

T Y P E S  OF T I D E  

From place to  place the characteristics of the rise and fall of the tide 
generally differ in one or more respects ; but according to the predominating 
features the various kinds of tide may be grouped under three types, namely 
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aemidiurnal, diurnal, and m'xed. Instead of semidiurnal nnd diurnnl the terms 
semidaily and dn.ly a r e  frequently used. 

The semidiurnal type of tide is one in which two high and two low waters 
occur each tiitill day with but little diurnal inequality : that  is, morning and  
afternoon tides rescbrnble each other clos~lg. Figure A iiiay be taken ns rrpre- 
senting this type of tide, and this is the type found on the Atlnntic coast of the 
United States. 
In the diurnal type of tide but one high and one low water occur in  'a tidal 

day. Do-Son, French Indo-China, may be cited as a place where the  tide is 
always of the daily type, but it is to be noted that there are not many such 
places. When the moon's declination is zero the  diurnal tidal forces tend to 
vanish, and there a r e  generally two high and two low waters during the day a t  
such times. Galveston, Tex., and Manila, P. I., m a y b e  mentioned ns ports at 
which the tide is  frequently diurnal, while St. Michael, Alaska, may be cited as 
8 port at which the tide i s  largely diurnal. 
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The mixed t y p e  of tide is one in which two high and two low waters occur 
during the tidal day but which exhibits marked diurnal inequality. Several 
forms may occur under this type. I n  one form the diurnal inequality is exhib- 
ited principally by the high waters ; in another form it is the low waters which 
exhibit the greater inequality ; or the diurnal inequality may be features of both 
high waters and low waters. 

It is to be noted t h a t  when the tide at any given place is assigned to  any 
particular type, i t  refers to  the characteristics of the predominating tide at t h a t  
place. A t  the time of the moon's maximum semimonthly declination the  semi- 
diurnal type exhibits more or less diurnal inequality and thus approaches the  
mixed type ; and when the moon is on or near the Equator the diurnal inequality 
of the mired type is at  a minimum, the tide at such times resembling the  semi- 
diurnal type. It is the characteristics of the predominating tide that  determine 
the type of tide a t  any given place. With the  aid of harmonic cwnstants the type 
of tide may be defined by definite ratios of the semidiurnal to the diurnal 
constituents. 

Type of tide is intimately associated with diurnal inequality, and hence 
depends on the relation of the semidiurnal to  the diurnal tides; and it is the 
variation in  this relation tha t  makes possible the various forms of the mixed 
type of tide. 

HARMONIC CONSTANTS 

Since the tide is periodic in character, i t  may be regarded as the resultant of 
a number of simple harmonic movements. I n  other words, if It  be the height of 
the tide, reckoned from sea level, then for any time t ,  we may write h = A  cos 
( a t + a ) + B  cos ( b t + p ) f  . . . I n  the above formula each term represents 
a constituent of the  tide which is defined by i t s  amplitude or semirange, A, U, 
etc., by a n  angular speed, a, b, etc., and by a n  angle of constant value, a, p. etc., 
which determines the relation of time of maximum height to the time of be- 
ginning of observation. 

We may also regard the matter from another viewpoint and suppose the moon 
and sun as tide-producing bodies to be replaced by a number of hypothetical 
tide-producing bodies, each of which moves around the ear th  in  the  plane of the 
Equator in a circular orbit with the ear th  as center. With the further assump. 
tion that each of these hypothetical tide-producing bodies gives rise to a simple 
tide, the high water of which occurs a certain number of hours af ter  its upper 
meridian passage and the low water the same number of hours after i t s  lower 
meridian passage, the oscillation produced by each of these simple tides may be 
written in the form h=A cos ( a t f a )  as above. The great advantage of so 
regarding the tide is that  i t  permits the complicated movements of sun and 
moon relative to the earth to be replaced by a number of simple movements. 

Each of the simple tides into which the tide of nature is resolved is called a 
component tide, or simply a component. The amplitudes or stmiranges of the 
component tides, together with the angles which detcrmirie the relation of the 
high water of each of these component tides to some definite time origin and 
which a re  known as the epochs, constitute the harmonic constants. 

The periods of revolution of the hypothetical tidal bodies or the speeds of the 
various component tides a re  computed from astronomical data  and depend only 
on the relative iilovements of sun, moon, and earth. These periods bcing indc- 
pendent of local conditions a r e  therefore !lie same for all places on the surface 
of the earth ; what remains to bc detcrniincd for the various simple constituent 
tides is their epochs and amplitudes which vary from plnce to  place according 
to  the type, time, and range of the  tide. The mathematical procws by which 
these epochs and amplitudes a re  disentnngled from tidal obserwtions is known 
as the harmonic analysis. 

The number of fiiniple constituent tides is theoretically large, but most of 
them are of such small magnitude that  they may for all prartical purposes be 
disregarded. I n  the prediction of tides i t  is necessary to take account of 20 tu 
30, but thc c.haracteristics of the tide a t  any place niay be determined easily 
from the 5 principal ones. 

It is obvious that  the principal lunar  tidal component will be one which gives 
two high and two low waters in a tidal day of 24 hour8 and 50 minutes, or more 
exactly in 24.84 hoiirs. Jts speed per ~01ar hour, therefore, is --28".98 
This cvmponent has  hecn given the symbol Mn. Likewise, the principal solar 

2X 360"- 
24.84 
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tidal component is one that  gives two high and two low waters in  R solar day of 
24 hours. The symbol 
for  this principal solar component is 5,. 

Since the moon's distance from the earth is not constant, being less than the 
average at perigee and greatcr at apogee, the period from one perigee to another 
being on the average 27.55 days, we must introduce another hypothetical tidal 
body, so that  at  perigee its high water will correspond with the M2 high water, 
and a t  apogee i ts  low water will correspond with the Mz high water. I n  other 
words, the tidal component which is  to  take accouiit of the mom's perigean 
movement must, in a period oE 13.78 days, lose 150" on M a ,  or at the rate of 

13.78 a4 
This component has  been given the symbol N a .  

The moon's change in  declination is taken account of by two coiiiponents 
denoted by the symbols K* and 01. The speeds of these arc  determined by the 
following considerations : The average period from one maximum declination to 
another is a half tropic month, or 13.66 days. The speeds of these two compo- 
nents should, therefore, be such that when the moon is ut its inaximuni declina- 
tion they shall both be at a maxinium, and when the moon is on the Equator they 
shall neutralize each other ; that  is, in a period of 13.66 days K1 shall gain on O1 

:m" one full revolution. The difference in their hourly speeds, therefore, is 
24X 13.66 

=1".098. The mean of the speeds of these two components must he t h a t  of 
360" 

t h e  appnrent diurnal movement of the moon nbout the earth, or -=14".49. 

The speeds are therefore derived from the equations 7- K7+01 -14O.49 and K,-O1 
=1".098, from which Ki=15".04 and 0,=13".94. 

It is customiiry to designate thc amplitude of tiny component by thtb symbol of 
the component and the  epoch by the symbol with a degree mark added. Thus 
M, stands for the amplitude of the M2 tide and M o a  for the epoch of this tide. 
The five components enumerated above are the principal ones. Between 20 and 
80 components permit the prediction of the time and height of the tide at any 
given place with considerable precision. 

From the harmonic constants the CliaracteriStics of the tide at  any  place can 
be very readily determined.' The Ave principal constants nlone permit the  a p  
proximate determination o f  the tidal characteristics very easily. Thus, approxi- 
mately, the  mean range is 2M2, spring range 2 ( M , + S 2 ) ,  neap rringe 2 ( M - S z ) ,  
perigean range 2(Mz+Na),  apogean range 2 (Ma-N2), diurnal inequality at time 
of tropic tides 2(K1+01) ,  high water lunitidal interval 2s.is- The various ages 
of the tide can likeyise be readily determined. Approximately, the ages in hours 
are: Phase age, Sz -Mzo ; parallax age, 2(M1"-N2") ; diurnal nge, K1"-O1". 
The type oP tide, too, may be determined from the harmonic constants through 
the  ratio -.L-! Wherc this ratio is less than 0.25, the tide is  of the  semi- 
diurnal type; where the ratio is between 0.2.5 and 1.25, the tide is of the mixed 
type;  and where the  ratio is over 1.25, the tide is of the  diurnal type. 

The periods of the various component tides, like the periods of the tide-produc- 
ing forces, group themselves into three classes. The tides in  the  first class have 
periods of approximately hnlf a day and are known as semidiurnal tides; the 
periods of the tides in the second class are approximately one day, and these 
tides are known as diurnal tides; the tides in the third class have periods of 
half a month or more and are known as long-period tides. I n  shallow waters, 
due t o  the effects of decreased depth, t h e  tides are modified and another class 
of simple tides is introduced having periods of leas than half a day, and these 
ure known as shallow-water tides. 

The class to which s n y  component tide helongs is generally indiciited by the  
subscript used in the notation for the component tides, the subscript giving the  
number of periods in a day. With long-perid tides generally no subscript is 
used ; with semidiurnal tides the subscript is 2 ; with diurnal tides the subscript 

1 see R. A. IJnrrls, Manual of Tides, Part 111 (United States Coast and Geodetic Survey 

2 X 760" 
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I t s  angulur speed per hour is tlierefore'=3O0.00. 

--;-=13".06 180" per clap. I t s  hourly speed, therefore, is 28".!)S- ~- 1 :~o.06--28. .44. 
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M 0  

Ma+Sz' 

Report for 1894, Apprndix 7). 
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i s  1, and with shallow-water tides the subscript is 3, 4, or more. Thus Sa repre- 
sents a solar annual component, PI a solar diurnal component, M, a lunar semi- 
diurnal component, S,  a solar shallow-water component with a period of one- 
quarter of a day, and Mu a lunar  shallow-water component with a period of one- 
sixth of a day. 

TIDAL DATUM PLANES 

Tidal planes of reference form the basis of all rational datum planes used 
in  practical or scientific work. The advantage of the datum plane based on tidal 
determination lies not only in simplicity of definition, but also in the fact that 
it may be recovered a t  any  time, even though all bench-mark connections be 
lost. 

The 1)rincipal tidal plane is  that  of mean sea level, wliicli may be defined 
us  the plane about which the tide oscillates, or as tlic surface the sea would 
assume when undisturbed by the rise and fall of the tide. At m y  given 
place this plruie may be determined by deriving the niean heiglit of the tide. 
This is perhaps best done by adding the hourly heights of the tide over a 
period of a year or more and deriving the mean hourly height. It is to be 
noted that  in  such a determination the mean sea level is not freed from 
the effects of previiiling wind, atmospheric pressure, and other meteorological 
conditions. 

The plane of mean sea level must be carefully distinguished from the plane 
of half-tide level or, a s  i t  is frequently called, mean-tide level. This latter 
plrme is one determined as the half sum of the high and low waters. It is 
therefore the plane that  lies halfway between the planes of mean low water 
and mean high water. The plane of half-tide level does not, at niost places 
on the open coast, differ by more than about a tenth of a foot from the plane 
of niean seal level, m d  where this difference is known the L)lane of mean 
sea level may be determined from that  of half-tide level. Like all of the 
tidal pl:ines, the 1)lune of half-tide level should be determined by observations 
covering u period of a year or more. 

This p1;rne 
tit any given glace is determined as the average of all tlic low wtiters during 
:I period of a year or  more. Where the diurnal inequality in  the low waters 
is. small, as on the Atlantic coast of the United States, this plane is frequently 
spoken of as the “low-water plane” or “ t h e  plane of low w a t e r ” ;  but 
strictly i t  should be called the plane of mean low water. 

Where the tides exhibit considerable diurnal inequality in the low waters, 
as on the Paciflc coast of the United States, the lower low waters may 
full considerably below the plane of mean low water. I n  such places the 
plane of mean lower low water is preferable for  most purposes. This plane 
is determined as the average of all the lower low waters over a period of a 
year or more. Where the tide is frequently diurnal, the  single low water of 
the day is taken a s  the lower low water. 

The plane of meiin high water is determined a& tlie average of all the  
high waters over a period of a year or more. Where the diurnal inequality 
I n  the  high waters is small. this plane is frequently spoken of as “ tlie plane of 
high water”  or “ the high-water plane.” This usage may on occasion lead to 
confusion, and the denomination of this plane as the plane of mean high water 
is therefore preferable. 

I n  localities of considerable diurnal inequality i n  the high waters the 
higher high waters frequently rise considerably above the plane of mean high 
water. A higher plane is therefore of importance for  many purposes, and 
rhe plane of higher high water i s  preferred. This plane is determined tis 
the  average of all the higher high waters for  a period of a year or more. 
Where the tide is frequently diurnal, the single high water of the day is 
taken a s  the higher high water. 

The tidal pliines described above are the  principal ones and the ones most 
generally used. Other planes, however, a r e  sometimes used. Where :I very 
low plane is desired, the plane of mean spring low water is sometimes used, 
its name intlicnting that  i t  is determined as the m e w  of the low waters 
occurring at spring tides. Another plane sometimes used, which is of interest 
bectiuse based 011 harmonic constnnta, is known as the harmonic tide plane 
and for  any given place is determined a s  Ms+Sd-K~+OI below mean sea 
level. 

For inany purposes the plane of mean low water is important. 
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MEAN VALUES 

Since the rise and fall of the tide varies from day t o  day, chiefly in accord- 
ance with the  changing positions of sun and moon relative t o  the earth, any 
tidal quantities determined directly from a short series of tidal observations 
must be corrected to a mean value. The principal variations a re  those con- 
nected with the moon’s phase, parallax, and declination, the periods of which 
a r e  approximately 29% days, 27% days,. and 27% days, respectively. 

I n  a period of 29 days, therefore, the phase variation will have almost com- 
pleted a full cycle while the other variations will have gone through ti full 
cycle and but very little more. Hence, for tidal quantities varying largely 
with the  phase variation, tidal observations covering 29 days. or multiples, 
constitute a satisfactory period for  determining these quantities. Such are 
the  lunitidal intervals, the  mean range, mean high water, and mean low water. 
For quantities varying largely with the declination of the moon, as, for  ex- 
ample, higher high water and lower low water, 27 days, or multiples, constitute 
the more satisfactory periwl. 

As will be seen in  the detailed discussion of the tides a t  Fort  Hamilton, the 
values determined from two different 29-day or 27-day periods may differ very 
considerably. This  is due to the  fact  that  these periods are not exact synodic 
periods for the different variations, and to the further fact that  variations 
havinq periods greater than a month a re  not taken into account. Furthermore, 
meteorological conditions, which change from month t o  month, leave their 
impress on the tides. For accurate results the direct determination of the 
tidal datum planes and other tidal quantities should be based on a series of 
observations that  cover a period of a year or preferably three years. Values 
derived from shorter series must be corrected to a mean value. 

Two methods may be employed for correcting the results of short series to  
a mean value. One method makes use of tabular values, determined both 
from theory and observation, for correcting for the different variations. The 
other method makes use of direct comparison with simultaneous obswvations 
a t  some near-by port for  which mean values have been determined from a 
series of considerable length. 

11. TIDAL CURRENTS, GENERAL CHARACTERISTICS 

DEFINITIONS 

Tidal currents are the horizontal movements of the water that  accompany 
the  rising and falling of the tide. The horizontal movement of the tidal cur- 
rent and the vertical movement of the tide a r e  intimately related par ts  of the 
same phenomenon brought about by the tide-producing forces of sun and moon. 
Tidal currents, like the tides, a r e  therefore periodic. 

It is the  periodicity of the tidal current that chiefly distinguishes it from 
other kinds of currents, which are known by the general name of nontidal 
currents. These latter currents are brought about by causes t h a t  a re  in- 
dependent of the tides, such a s  winds, fresh-water run-off, and differences i n  
den.4t.y and temperature. Currents of this class do not exhibit the  periodicity 
of tidal currents. 

Tidal and nontidal currents occur together in the open Rea and in inshore 
tidal waters, the actual currents experienced at  any  point being the resultant 
of the two classes of currents. I n  some places tidal currents predominate 
and In others nontidal currents predominate. Tidal currents generally attain 
considerable velocity in  narrow entrances to bays, in constricted parts of 
rivers, and in passages from one body of water to another. Along the coast 
nnd far ther  offshore tidal currents are generally of moderate velocity; and in 
the open sea, calculation based on the theory of wave motion, gives a tidal 
current of less than one-tenth of a knot. 

RECTILINEAR TIDAL CURRENTS 

I n  t h e  entrance to a bay or river and, i n  ‘general, where a restricted width 
occurs, the tidal current is of the rectilinear or reversing type : tha t  is, the  flood 
current runs In one direction for a period of about six hours and the ebb current 
for a like period in the opposite direction. The flood current is the one t h a t  
sots inland or upstream and the ebb current the one that  Rets #enward or down- 
stream. The change from flood to  ebb gives rise to  II period of slack water dur- 
ing which the velocity of the current is zero. An example of this type of current 
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is shown in Figure C, which represents the velocity and direction of the current 
as observed in  the  Hudson River off Fort Washington on .July 22, 1922. 

In  Figure C the  upper curve represents the velocity of the current in knots, 
flood being plotted above the axis of X and ebb below the axis. The velocity 
curve represents approximately the form of the covine curve. The maximum 
velocity of the flood current is called the strength of flood arid the muximuin ebb 
velocity the  strength of ebb. The knot is the unit generally used for measuring 
the velocity of tidal currents and represents a velocity of 1 nautical mile per 
hour. Knots may be converted into s ta tute  miles per hour by multiplying by 
1.15; or into feet per second by multiplying by 1.69. 

The lower curve of Figure C is  the direction curve of the current, the direction 
being given in  degrees, north being O", east SO", south 180", and west 270". 
The directions are magnetic and represent the  direction of the current as tle- 
rived from hourly observations. During the period of flood the direction curve 
shows that the current was running practically in  the slime direction all the 
time, making :in abrupt shift of about 180" to the opposite direction during the 
period of slack water. F o r  the ebb period the direction curve likewise shows 

h 

t 
Fro. C.-Velocity and directlon curves for the current, Hudson River, July 22, 1022 

t h e  current to have been running in approximately the  same direction with an 
abrupt change of about 180" during slack. 

ROTARY T I D A L  CURRENTS 

Offshore the tidal currents are generally not of the rectilinear or rerersing 
type, Instead of flowing in  the same general dirertion during the entire period 
of the flood and in the opposite direction during the ebb, the tidal currents off- 
shore change direction continually. Such currents a re  therefore called rotiiry 
currents. An example of this type of current is shown in Figure D, which 
represents the velocity and direction of the current at the beginning of ench 
hour of the  afternoon on September 24, 1919, at Nantucket Shoals Light Vessel, 
stationed off the coast of Massachusetts. 

The current is seen to have changed its direction at ench hourly obaervetlon, 
the rotation being in  the direction of movement of the hiinds of a clock, or from 
north to south by way of etist, then to north again by wag of west. I n  a period 
of 'about 12 hours i t  is seen that  the current has  veered completely round the 
compass. 

I t  will be noted tha t  the ends of the radii vectores, representing the velocities 
and directions of the current at the  beginning of each hour, deflne a somewhat 
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irregular ellipse. I f  a number of observations are  averaged, eliminatillg nwi- 
dental errors and temporary meteorological disturbances, the regularity of the 
curve is considerably increased. The average period of the cycle is, from a 
considerable number of observations, found to be 12" 25". In other words, the 
current day, like the tidal day, is 24" 50" i n  length. 

A characteristic feature of the rotary current is the absence of slack wflter. 
Although the current generally varies from, hour to  hour, this vari:ltioii from 
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FIQ. D.-Ilotary current, Nantucket Shoals Uglit Vessel, afternoon of Septem- 

ber 24, 1019 

greatest current to least current and back again to  greatest current does not 
give rise to a period of slack water. When the velocity Of the  rotary tidal cur- 
rent is least, i t  is known as the minimum current, nnd when it is greatest it ls 
known as the maximum current. The minimum imd maximum velocities of the 
rotary current are thus related to  each other in  the same way as slack and 
strength of the rectilinear current, n minimum veloc3ity following a maximum 
velocity by a n  interval of about three hours and being followed i l l  turn by 
another maximum Rfter a fur ther  interval of three hours. 



TIDES AND CURRENTS IN SOUTHEAST ALASKA 141 

VARIATIONS I N  STRENGTH OF CURRENT 

Tidal currents exhibit chnnges in the strength of the current that corres- 
pond closely with the changes in  range exhibitcYl by tides. The strongest cur- 
rents come with the spring tides of full and new moon and the weakest cur-  
rents with the neap tides of the ninon's first and third quarters. Likewise, per- 
igean tides are accompanied by strong currents and apogean tides by weak cur- 
rents : and when the moon has considerable variation, the currents, like &e 
tides, a re  characterized by diurnal inequality. 

AH related to the moon's clitinging phases, the variation in the strtw$h of 
the current from day to  day is  approximately proportionril to the correslWlld- 
ing change in the range of the  tide. T h r h  nioon's chtinging distance likewiw 
brings ahout changes in the relocity of the strength of the current which is 
approximately proportional to the corres1)oncting change in the range of the 
tide; but in rogard to the moon's chancing declination, tide and current d ( b  
not respond aIike, the diurnal variation iri  the tide a t  any place h d n g  generallf 
greater than the diurnal vnrintion in  the current. 

The relations subsisting between the changes in  the velocity of the current 
at any given place and the ranke of the tide at that  place may be derived from 
general considerations of a theoretical nature. Varintions in  the cnrrtwt that  
involve semidiurnal components will approxirnate corresponding changes in the 
range of the tide ; but for variations invcvlving diurnal components the varia- 
tion in the current is about half that  in the tide. 

RELATION OF TIME OF CURRENT TO TIME OF TIDE 

I n  simple wave motion the times of slack and strength of current bear :x 
constant and simple relation to the times of high and low' waters. In  a pro- 
gressive wave the time of slack water comes, theoretically, exactly midway 
between high and low water and the time of strength at high and low water ;  
in  a stationary wave slack comes at  the times of high and low water, while the 
strength of current comes midway between high and low water. 

The progressive-wave movement and the stationary-wave movemmt tire the 
two principal types of tidal movements. A progressive wave is one whose crest 
advances, so that  in  m y  body of water that  sustains this type of tiditl niovemcnt 
the times of high and low water progress from one end to  the other. A sta- 
tionary wave i s  one that  oscillates about a n  axis, high water occurring over 
the whole area on one side of this axis a t  the same instant that  low water  
occurs over the whole area on the other side of the axis. 

The tidal movements of comtal waters are rarely of simple wave form : never- 
theless. I t  i s  very convenient in the study of currents to refer the times of w r -  
rent to  the times of tide. And where the diurnnl inequality in the tide is small, 
as is the case on the Atlantic coast, the relation between the time of current 
and the time of tide is very nearly constant. This is  brought out in  Figure E, 
which represents the tidal and current curves in New York Harhor for Oc- 
tober 9, 1919, the cur rent curve being the dashed-line curve, representing the  
velocities of the current at a station in Upper Bay, and the tide curve being 
the full-line curve, representing the rise and fall of the tide a t  Fort Hamilton. 
on the eastern shore of the Narrows. 

The diagrams of Figure E were drawn hy plotting the heights of the t ide 
and the velocities of the current to the same time scale and to such velocity 
rind height scales as will mtike the maxinium ordinates of the two curves :ip- 
proximately equal. The time axis or  axis  of X represents the  line of zeru 
velocity for the currents and of mean se:i level for the tide, the velocity of 
the current being plotted in  accordance with the scale of knots on the left, 
while the height of the tide reckoned from mean sea level was plotted in ac- 
cordance with the scale in feet on the right. 

From Pjgurc E it is seen that  the corresponding features of the tide antP 
current in New York Harbor bear a very nearly constant time relation to each 
other, and this constancy in  time relation of tides and currents is characteristic 
of tidal waters in which the diurnal inequality is small. This permits t h e  
times of slack and of strength of current t o  be refwred to the times of high 
and low water. Thus, from Figure Rl we flnd strength of ebb occurred about  
0.0 hour after the time of low water, both morning and afternoon ; slack before 
flood occurred 2.2 hours before high water ;  strength of flood 0.4 hour a f t e r  
high water ;  slnck before ebb 3.0 hours before low water. In  this c o a c t i o n ,  
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however, i t  is to be noted that the time relations between the various phases 
of tide and current a r e  subject to  the disturbing effects of wind and weather. 

Apart from the disturbing effect of nontidal agencies, the time relations be- 
tween tide and current are subject to  variation in regions where the tide ex- 
hibits considerable diurnal inequality; as for  example, on the Paciflc coast of 
the United States. This variation is  due to the  fact, previously mentioned, that  
t h e  diurnal inequality in the current at any given place is, i n  general, only 
about half as great as that  in the tide. This brings about differences in the cor- 
responding features of tide and current as between morning and afternooii. 
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FIG. E.-Tide and current curves, New York Harbor, October 0 .  l!)l!j 

However, in such cases it is frequently possible to  refer the current at a given 
place to the tide at  some other place with comparable diurnal inequality. 

EFFECT OF NONTIDAL CURRENT 

The tidal current is subject to the disturbing influence of nontidal currents 
which affect the regularity of i ts  occurrence as regards time, velocity, and clirec- 
tion. I n  the case of the rectilinear current the effect of a steady nontidal cur- 
rent is, in general, to make both the periods and  the velocities of flood and ebb 
unequal and to  change the times of slack water but to leave unchanged the times 
of flood and ebb strengths. This is evident from a consideration of Figure F, 
which rrprewnts  a simple rectilinear tidal current, the  time axis  of which is  the 
line AB, flood velocities being plotted above the line and ebb velocities below. 

FIO. F.-Effect of nontidal current on tidal current 

When unaffected by nontidal currents, the periods of flood and ebb are, in 
general, equal as represented in the diagram, and slack water occurs regularly 
three h ( m 8  and six minutes af ter  the times of flood and ebb strengths. But if 
we  assume a steady nontidal current introduced which has, in  the direction of 
the  tidal current, a velocity component represented by the line UD, it is evidcat 
that the strength of ebb will be increased by an amount equal to  OD, while the 
flood strength will be decreased by the same amount. The current conditions 
may now be completely represented by drawing, as a new axis, the line l7F 
parallel to AB and distant from it the length of CD. 
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Obviously, if the velocity of the nontidal current exceeds that of the tidal 
current at  the time of strength, the tidal current will be completely masked 
and the resultant current will set at all times in the direction of the nontidal 
current. Thus, if in  Figure F t h e  line O P  represents the  velocity component 
of the nontidal current in  the direction of the tidal current, the new axis for 
measuring the velocity of the combined current at any time will be the line GO 
and the current will be flowing at all times in the ebb direction. There will he 
no slack waters; but a t  periods 6 hours 12 minutes apart there will occur miui- 
mum and maximum velocities represented, respectively, by the lines IZS and I U. 

I n  so f a r  as the effect of the nontidal current on the direction of the tidal cur- 
rent  is concerned, it is only necessary to remark tha t  the resultant current will 
set in a direction which at any time is the resultant of the tidal and nontidal 
currents at that time. This resultant direction and also the resultant velocity 
may be determined either graphically by the parallelogram of velocities or by 
the  usual trigonometric computations. 

VELOCITY OF TIDAL CURRENTS A N D  PROGRESSION OF T H E  T I D E  

In the tidal movement of the  water it is necessary to distinguish clearly be- 
tween the velocity of the current and the progression or rate of advance of the 
tide. I n  the former case reference is made t o  the  actual speed of a moving 
particle, while in  the latter case the reference is to the ra te  of advance of the 
tide phase or the  velocity of propagation of wave motion, which generally is 
many times greater than the velocity of the current. 

I t  is to  be noted that  there is no necesstiry relationship between the velocity 
of the tidal current at any place and the rate of advance of the title at that 
place. I n  other words, if the ra te  of iidvance of the tide is known we can not 
from that alone infer the velocity of the current, nor v.ce versa. The rate of 
advance of the tide iii any given body of water depends on the type of tidal 
movement. I n  a progressive wave the tide moves approximately in accordance 
with the formula r= yd in which r is the rate  of advance of the tide, g the  
acceleration of gravity, and d the depth of the waterway. I n  statioliilry-wnve 
movement, since high or low water occurs a t  very nearly the same time over a 
considerable area, the rete  of advance is theoretically very great ; but artually 
there is always some progression present, and this reduces the theoretical 
velocity considerably. 

The velocity of the current, or the actual speed with which the prirtirles of 
water nre moving past any flxed point, depends on the volume of wnter that  
must pass the given point and the cross-section of the chiinnel at that  go nt. 
The velocity of the current is thus independent of the rate of advance of the 
tide. 

DISTANCE TRAVELED BY A PARTICLE I N  A TIDAL CYCLE 

In  t i  rectillinear current the distance traveled by the water pcirticles or by 
any object flotiting in  the water is obviously equal to the product of the time 
by the average velocity during this interval of time. To determine the average 
velocity of the tidal current for any desired interval scveriil methods niny be 
used. 

If the curve of the tidal current has been plotted, the average velocity may 
be derived as the mean of a number of xnensurements of the velocity made at 
frequent intervals on the curve ; as, for example, every 10 or 15 minutes. From 
the current curve the average velocity niny also be determined by deriving the 
mean ordinate of the curve by use of the planimeter. For 11 full tidal c.pcle of 
fiood or ebb, however, since the current curve generally npproxinintes tlie cosine 
vurve, the simplest method consists in rniikiiig use of tlic wc*ll-known ratio of 
the mean ordinate of the cosine curve to the maxiniuni ordinate which is 2+r, 
or 0.6366. 

Tile latter methotl litis another ndvantitge in  tlirit tlie velocity of the tidnl 
current is almost invariably specified by i ts  velocity a t  the time of strength, 
which corresrmds to the m a r  mum ordinate of the cosine cwve ; lielicv, the 
iiverage velocity of the tidal current for R flood or ebb cycle is given inime- 
dintely 11s the product of the strciigtli of the current by O.(i308. Brit1 tliough 
this method is only tipproximate, since the curve of the rurrent may deviate 
more or less from the cosine curve, in general the results will be sulficiently 
itccuriite for rill prcict;cval purposes. For a normal flood or rbb period of 0 %  
hours tlie distanw a titltil current with a velocity n t  strength of I knot will 
cvmy u flonting object is, in nautical miles. 0.0366X6.2=3.06, or 24,000 feet. 
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DURATION OF SLACK 

In  the change of direction of flow from flood to ebb. and rice versti. the tidal 
current goes through a period of slac*k water or zero velocity. Obviously, this 
period of slack is but momentary, :unci graphically i t  ia i‘epresented by the 
instant when the current curve ru ts  the aero line of velocities. For  a brief 
period each sitle of slitck water, however, the current is very weak. ~ l i i d  in  
ord.nary usage “ s l w k  water ” denotei; not only the inatiint of zero velocity 
hut :tlso th(> period of weak rurrent. The qne.ition is therefore frequently 
raised. How long does slack water las t?  

To give slack water in its ordinary usage a definite meuning, we may defitle 
it to he the period diiring which the velovity of the current is less than one- 
tenth of a knot. Velocities less than one-tentli of a knot may generally be dis- 
regarded for practicrrl purposw, and such velocities :ire. moreover, difficult to 
measure either with fioiit 01‘ with current meter. For any g.ven current it is 
now a siniple matter to determine the tliiration of slack mater. the current riirve 
furnishing a ready means for this  determination. 

I n  general, regarding the current curve as approximately a sine or cosine 
curve, the duration of slack water is a function of the strength of current-the 
stronger the current the  less the duration of slack-and from the equation of the 
sine curve we may easily compute the  duration of slack water for  currents of 
various strengths. For  the normal flood or ebb cycle of 6” 12.6”’ we may write 
the equation of the current curve y=A sin 0.4&31t, in which A is the velocity of 
the  current in knots at time of strength, 0.4831 the angular velocity in degrees 
per minute, and t is the time in  minutes from the instant of zero velocity. 
Setting y=O.1 and solving for t ( this  value of t giving half the duration of 
slack) we get for the duration of slack the following values: For  a current 
with a strength of 1 knot, slack water is 24 minutes; for currents of 2 knots 
strength, 12 minutes ; 3 knots, S minutes ; 4 knots, 6 minutes ; 5 knots, 5 minutes : 
6 knots, 4 minutes ; 8 knots, 3 minutes ; 10 knots, 21,5 minutes. 

HARMONIC CONSTANTS 

The tidal current, like the tide, may be regarded as the resultant of a number 
of simple harmonic movements, each of the form y=A cos (&+a) : hence, tidal 
currents may be analyzed in a manner analagous to that  used in  tides and the 
harmonic current coristants derived. These constants permit the characteristics 
of the currents to be determined in the same manner as  the tidal harmonic con- 
s tants  and they may also be used in  the prediction of the times of slack and the 
times and velocities of the strength of current. 

It can easily be shown that  in coastal or i n h n d  tidal w a k r s  the amplitudes of 
the various current components are related to each other, not as the amplitudes 
of the corresponding tidal components, but as these latter multiplied by their 
respective speeds ; thnt is, in any given harbor, if we denote the various compo- 
nents of the current by primes and of the tide by double primes, we have 

M’2 : S’s : ”2: K’, :O’l=mzM‘’, : 82S‘‘? : mN”2 : ItiI<”i : O1O”z 

where the small italic letters represent, respectively. the angular speed of the 
Corresponding components. This shows a t  once that  the diurnal inequality in 
the current8 Phould be approximately half that  in  the tide. 

MEAN VALUES 

I n  the nonharmonic analysis of current observations i t  is customary to refer 
the times of slack and strength of current to  the times of high and low water of 
the tide at some suitable place, generally near by. I n  this method of analysis 
the  time of current determined is in effect reduced to approximate mean value, 
since the changes in  the tidal current from day to  day may be taken to approxi- 
mate  the corresponding changw in the t ide;  but the velocity of the current as 
determined from a short series of observations must be reduced to  a mean 
value. 

I n  the ordinary tidal movement of the progressive or stationary wave types 
the chance in the strength of the current from day to day may be taken approxi- 
mately the same as the variation in  the range Of the tide. Hence, the  velocity 
of the current from a short series of observations may be corrected to a mean 
value by multiplying by a factor equal to the reCiPrOCal of the range of the tide 
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for the same period divided by the nimn range of the tide. I t  is to be noted 
that in this method of reducing to n mean value, any nontidal currents must 
flrst be eliminated and the factor applied to the tidal current alone. This 
may be done by taking the strengths of the tidal current as the half sum of the 
flood and ebb strengths for the period in question. 

In some places the current, while exhibiting the characteristic features of the 
tidal current, is in reality a hydraulic current due to differences in head a t  the 
ends of a straight connecting two independent tidal bodies of water. East River 
and Harlem River in New York Harbor and Seymour Narrows in British Colum- 
bia are examples of such straits, and the currents sweeping through these 
waterways are not tidal currents in the true sense, but hydraulic currents. 
The velocities of such currents vary as the square root of the head, and hence 
in reducing the velocities of such currents to a mean value the factor to be 
used is the square root of the factor used for ordinary tidal currents. 
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