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THE PROBLEM
Conduct survey and fie ld  studies in the A rctic  Ocean which w ill furnish basic geo
physical da ta  s ignifican t to  arctic nava l w a rfa re . This repo rt covers an eva luation  o f 
da ta  obta ined during  the period  1953 through 1955 a t the Cape Prince o f W ales Field 
S tation. The ope ra tion  o f the station continues as pa rt o f an  over-a ll program  to  obta in  
phys ica l-oceanographic da ta  pertinen t to  pred ic ting  ice coverage fo r the Bering-Chukchi- 
Beaufort Sea area.

RESULTS
1. A  northerly  volume transport va ry ing  from  0.8 to  3.1 X  IO6 cubic meters per second 
appears characteristic o f the period  August th rough Novem ber.
2. An area o f maximum current velocities is ind ica ted in the 8-to-12 m ile section o f 
the eastern Bering Strait.
3. O m itting  in itia l freeze-up discontinuities, the logarithm  o f accum ulated degree days 
be low  29°F  exhibits essentially a linea r re la tionsh ip  w ith fast ice accretion a t W ales, 
A laska.
4. A ve rag e  to ta l ice grow th a t W ales is 46  to  48 inches, w ith  first slush ice fo rm ed la te 
O ctobe r to e a rly  Novem ber and fast ice b reak-up norm a lly  com pleted by m id-June.

RECOM M ENDATIONS
1. Extend and make simultaneous oceanograph ic  and m eteoro log ica l measurements 
essential to  a de ta iled  analysis o f the sea ice-heat budge t regime.
2. Continue measurements o f average w a te r transport th rough the Bering Strait.
3. Conduct d a ily  sea w a te r tem pera ture  measurements from  strategic points a long 
the northwestern A laskan coast.
4. Conduct sonar studies in respect to  the e ffect o f ice coverage and movement on 
am bient noise and passive detection ranges.

ADM IN ISTR A TIVE IN F O R M A T IO N
This w o rk  was in itia ted  under SW  01402, NE 121217-1 (NEL L6-1), and was carried 
out by  members o f the Special Research Division. The repo rt was app roved fo r pub lica 
tion 18 O ctober 1956.
The over-a ll program  a t W ales has included observations on re la ted special projects, 
as fo llow s, fo r o ther NEL codes and N ava l activities, as tim e and m anpow er perm itted ; 
these projects are to  be reported by  the cogn izant activ ity .

1. M icrow ave p ropag a tion  to  determ ine the va ria tio n  in ra d a r signals over fixed  paths 
and to  study effect o f ice coverage as w e ll as m eteoro log ica l conditions a long  the 
transmission path.
2. U ltra -low -frequency p ropag a tion  and va ria tio n  in signal strength.
3. A tm ospheric ra d io a c tiv ity  background measurements.

N ew  fac ilities to  be insta lled a t W ales during  the summer o f 1956 include com plete 
new electrode systems using Type-216 subm arine harbor defense cable together w ith 
sea units fo r  the study o f (a) bottom  tem peratures (at 1-, 2-, and 5-m ile offshore points), 
(b) w ave am p litude  and period, (c) low  frequency am bient noise spectrum, (d) w a te r 
ve loc ity  a t a fixed position, (e) va ria tio n  in w a te r dep th and ice movement, and (f) 
sound velocity.
M a jo r changes in the W ales Field Station were the erection during  the summer o f 1955 
o f tw o  standard 20-foo t-by-48  fo o t BuYards and Docks a rctic-type  quonsets to  provide 
essential storage, la b o ra to ry , and g a rage  space and the ins ta lla tion  o f a 15,000-gallon 
bu lk diesel fue l storage and d is tribu tion  system.
The au thor wishes to  acknow ledge the contribu tion  o f E. E. Howick and R. N . Rowray 
to  the d irect fie ld  measurement program  and to  the tedious task o f reducing the 
numerous fie ld  da ta , and the assistance o f A. C. W a lke r in the design and construction o f 
therm al units and e lectrode elements. M any unnamed peop le  pa rtic ip a te d  in the fie ld  
w o rk and encountered much discom fort, p a rticu la rly  during  the current survey p rogram ; 
to  these ha rdy  ind iv idua ls the au thor offers his thanks.
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IN TR O D U C TIO N

O ne o f the prim ary  projects a t the Cape Prince 
o f W ales Field Station, W ales, A laska, is the con
tinu ing and long range study o f the volume transport 
o f w ater through the eastern Bering S tra it, the w a ter 
tem perature oscilla tions th roughout the year, the 
effect o f m eteoro log ica l phenomena and tides on the 
net w a te r transport, and the over-a ll re la tion  to  ice 
d istribu tion.

The in tent is not the evolution o f an extensive 
ice forecast program , but rather the eva luation  o f 
physica l-oceanographic da ta  in a pa rticu la r system, 
the possible ex tra po la tion  o f these da ta  and proce
dures to s im ilar systems in the arctic area, and the 
incorpora tion  o f pertinent in form ation  in to existing 
ice pred iction  program s.

Field S tation facilities, genera l measurement 
program  and instrum entation have been repo rte d .1 
(See list o f references a t end o f report.) This report 
covers the measurement period  1953 through 1955 
and summarizes 1954 current measurements con
ducted sim ultaneously from  seven anchor positions 
located a long  a 20-nau tica l-m ile  line extend ing due 
west from  W ales, A laska.

These da ta  have been used to ca lib ra te  an 
e lectrom agnetic system which records potentia ls gen
erated by t id a l-w a te r transport. A verage m onthly 
transport th rough a 25-m ile section o f the eastern 
Bering S tra it has been com puted and is presented 
herein toge ther w ith m onth ly bottom  sea w a te r 
tem peratures and t id a l da ta .

A  p ro jected , a d d itio n a l report w ill study the 
transport on the basis o f tem perature-density dis
tribu tion  and w ill com pare the results w ith  the d irect 
observations reported herein.

CURRENT MEASUREMENTS 

direct observations
METHOD A N D  INSTRUMENTATION

O n 1 August 1954, in conjunction w ith  the 1954 
Joint C anad ian-U . S. Beaufort Sea Expedition, a 
series o f simultaneous current observations were taken 
fo r a pp rox im a te ly  14 hours. Seven stations were lo 
cated a long a 20-nau tica l-m ile  line extending due 
west from  the Cape Prince o f W ales Field Station 
across the eastern Bering S tra it (fig . 1). The 8- and 
12-m ile positions were occupied by the icebreakers.

FAIRWAY

RADIO TOWERS, WALES
CAPE PRINCE OF WALES

3 0 '

169 168 30 ' 168

F igure 1. Location a f  cu rren t sta

tions, 1 A ugust 1 9 5 4 , in th e  Eastern 

Bering S tra it.
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USCGC NO R TH W IN D  and USS BURTON ISLAND 
(AG B 1). M easurem ent p la tfo rm s a t the 1.5-, 3.0-, 
5 .0 -, 12.0-, and  15.0-m ile positions were tw o  LVT- 
3(C)'s, tw o LCVP's, and one G reen land Cruiser.

Current profiles were taken a t a ll stations using 
the b ip lan e  (d ra g ) m ethod o f Pritchard and Burt.2 
M eta l b ip lanes w ith  the fo llo w in g  characteristics were 
used in lieu o f w e ighted w ooden drags:

A lum inum

Drag m ate ria l (A le lad  24ST) Iron
Cross p lane dimensions
(inches)

Thickness 5 /3 2 1 /4
W id th 18 18
Height 12 12

Ave. w t. in a ir  (lb) 7.34 30.88
Ave. w t. in sea 4.86 27.04

w a te r (lb)
V e loc ity  range 0.23 0.53

(3 ° to 4 5 ° w ire to to
ang le , knots) 0.98 2.33

W ire  angles were determ ined w ith inclinometers
using s tandard  oceanograph ic  observing techniques.

Surface currents were determ ined from  d riftin g  
alum inum  bip lanes subm erged 3 feet beneath the 
sea surface. To m inim ize w ind  effects b ip lan e  support 
floa ts  were constructed to  prov ide on ly  a s light posi
tive buoyancy. V e loc ity  was ca lcu la ted from  the time 
requ ired fo r a 200 -foo t d r ift  o f the subm erged b i
plane. An in it ia l d r if t  o f 50 fee t was a llow ed  before  
com mencing measurement to  obv ia te  in e rtia l effects.

Surface currents and ve loc ity  pro files from  5 
to  45 meters were taken a t a p p ro x im a te ly  ha lf-hou r 
in tervals. Measurements a t the 1.5- and 3.0-m ile posi
tions were cu rta iled  ea rly , since increasing seas neces
sitated re tu rn ing to  shore the am phib ious vehicles 
located a t these positions.

In a d d itio n  to  surface current observations and 
ve loc ity  p ro files  using the b ip la n e  m ethod, fo r  com
p a ra tive  da ta  a  series o f ve loc ity  measurements were 
taken a t the  20-m ile  station using an Ekman current 
meter. Roll a t the 20-m ile position p ro b a b ly  d id  not 
exceed 2 fee t in am p litu de  during  the measurement 
period . However, even this s light ro ll w ill g ive  e rro 
neous d irection  and ve loc ity  w ith  the Ekman current 
meter and must be kept in mind when in te rp re ting  
these da ta .

Prior to  0800 the LCVP at the 5-m ile  position 
d ra g g e d  anchor b a d ly  and , th roughout the measure
m ent p e rio d , the b o a t was subjected to  a ve ry severe 
cross chop and ro ll. This effect p ro b a b ly  accounts 
fo r the lo w  values p r io r to  0800. These da ta  have, 
consequently, been om itted in la te r transport ca l
culations.

DISCUSSION OF DATA

Com plete surface current observations and ve
lo c ity  p ro file  da ta  from  the seven stations are p re
sented in the A p pend ix , tab les 1 and 2, respectively.

A ve rag e  current velocities o f 0.3 to  0.5 knot 
(zero a t the tw o most seaw ard stations) were re
corded from  0200 to  0500. Velocities increased ra p 
id ly  a fte r  0500 a t a ll stations reaching maximum 

'average  values o f 1.7, 1.8, 1.8, 2.0, 1.5, and 1.2 
knots, respective ly, a t the 3 -to -20  m ile positions. 
The d a ta  ind ica te  th a t an a rea  o f maxim um  ve loc ity  
g ra d ien t p ro b a b ly  exists in the 5-to -12 m ile sector.

A ll currents were p redom inan tly  north-setting, 
except fo r  low  ve loc ity  values recorded p rio r to 0500 
a t the 15- and 20-m ile stations. The va ria tio n  in 
d irection  was most pronounced a t the 15-m ile station, 
p a rt icu la rly  in the surface current observations. From 
0200 to  0600 the w a te r app eared  to  be moving 
s low ly in a clockwise edd y  from  south to  north. De
crease in ve loc ity  w ith  depth determ ined by  sub
m erged b ip lanes and checked a t the 20-m ile  station 
by  an Ekman current meter was slight th roughou t 
the observation period.

A ve rag e  current velocities were calcu la ted by 
com puting the arithm etic  mean fo r each set o f profiles 
taken a t the anchor stations. These values a re  p re 
sented g ra p h ic a lly  in fig u re  2.

A ve rag e  hou rly  w ind speeds and t id a l da ta , 
both m easured a t the Cape Prince o f W ales S tation, 
W ales, A laska , during  the current survey period , are 
shown in figu re  3. Comparison o f figures 2 and 3 
suggests a co rre la tion  between current speed, tide , 
and w ind . Since current observations d id  not cover 
a com ple te t id a l cycle , positive conclusions cannot 
be d raw n . D a ta  from  the e lectrode system (presented 
la te r in this report) show a corresponding early  
m orning increase in w a te r transport during  flood  
tide , but show very litt le  decrease in transport from  
1245 to  1700 (during  ebb  tide). The tid e  range ofF 
W ales is sm all, ge n e ra lly  o f the o rder o f 8 inches. 
The change from  low  tid e  a t 0445 to  high tide  a t 
1245, on 1 August 1954, measured 11.7 inches
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com pared to  a 2.4-inch change from  1245 to  1700. 
It is possible tha t the w ind effect (average w ind 
speed, 21 mph) is sufficient to  mask the extrem ely 
low  tid a l range  during  this period.

D a li3 concluded th a t the north ly  current through 
the S tra it is p ro b a b ly  ch ie fly  dependent an the tide  
fo r its force and d irection , w h ile  studies in 1949 by 
Lesser and P ickard4 ind ica te  th a t the current th rough 
the Bering S tra it is not p r im a rily  t id a l in character, 
nor does it have a m ajor tid a l com ponent. It is 
app a re n t tha t the re la tion  o f tides to  the w a te r trans
po rt th rough the Bering S tra it remains a con trad ic 
to ry  subject, and the problem  can be resolved on ly 
by a w e ll coord ina ted  tide  and current measurement 
p rogram  which covers sufficient t id a l cycles to  perm it 
a va lid  analysis.

Assuming ve loc ity  measurements a t the 20-m ile 
position are v a lid  to  25 nau tica l miles, the average 
volume transport th rough a 25-m ile  vertica l section 
a f the S tra it extend ing due west from  the Field 
S tation (a long  the measurement line o f f ig . 1) has

been ca lcu la ted fo r  the 1 August 1954 observation 
period.

For tran spo rt ca lcu la tion  purposes the 25-m ile 
section was d iv ided  in to bands o f average  current 
ve loc ity  as ind ica ted  in figu re  4 (crosses denote an 
chor station positions and depths).

The average northe rly  w a te r transport th rough 
a 25-m ile  section o f the eastern Bering S tra it is 
IO6 X  cubic meters per second fo r  the period  from  
0200 to  1400 is shown in figu re  5. The average m axi
mum transport value o f 1.84 X  IO 6 cubic meters per 
second is s ign ifican tly  h igher than previous average 
values fo r  the entire  s tra it o f 0.88 com puted by 
Sverdrup5 and 1.28 determ ined as a summer value 
based on oceanograph ic  observations taken in 1949.4

The current da ta  c lea rly  ind ica te  the erroneous 
in te rp re ta tion  which can be draw n from  a series o f 
current measurements taken a t va ry ing  tim e in tervals 
and positions in the Bering S tra it, and a re  ind ica tive  
o f short term  fluctuations in current and transport 
wh ich m ay be encountered.

30

X  20

io

o
2 0 0 0  0 0 0 0  0 4 0 0  0 8 0 0  1 2 00  1 6 00  2 0 0 0  2 4 0 0  0 4 0 0  0 8 0 0

BERING STANDARD TIME

F igure 3 . A v e ra g e  hourly w ind  speed an d  t id e  ra n g e , 1 A ugust 1 9 5 4 , W o le s , A laska .
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electric po ten tia l measurements

The possib ility  o f measuring t id a lly  genera ted 
potentia ls in bays and through ocean channels has 
been considered and discussed by numerous investi
ga to rs.6'9 The m ethod has been em ployed in the 
study o f mass w a te r transport between Key W est and 
H avana, and the average  mass transport o f the 
F lorida  C urrent fo r  the period  o f August 1952 to 
August 1954 has been reported by W erthe im .10

Electric potentia ls  were in it ia lly  measured in the 
Bering S tra it in  1949.11 C ontinuation  o f these studies 
in 1951-1952 y ie lded  on ly  sketchy results, p r im a rily  
because o f in s ta lla tio n  problems associated w ith 
m a in ta in ing  e lectrode -cab le  systems in an area  sub
ject ta  ocean freez ing  and ice movement.

O bviously , the most des irab le  procedure fo r 
m easuring potentia ls  and fo r studying the ir re la tion  
to  w a te r transport involves insta lla tion  o f electrodes 
on opposite banks o f a channel. Since this technique 
cannot be fo llo w e d  in the Bering S tra it, electrodes 
were bo tto m -la id , pe rpend icu la r to  flow , near the 
eastern side o f the S tra it and connected to  shore 
record ing equ ipm ent by  ap p ro p ria te  s ignal links 
(fig . 6). (A  com ple te  descrip tion o f e lectrode systems

and e lectrode construction has been given in re fe r
ence 1.) Edge effects o f po ten tia l gradients extending 
in land  have been recorded using land electrode 
systems la id  perpend icu la r and p a ra lle l to  flow .

Young, G e rra rd , and Jevons7 considered the 
e ffect o f po ten tia l gradients on a set o f m oored elec
trodes near one shore o f a b road  channe l' and 
dem onstrated tha t the po ten tia l g ra d ien t ex where Vi 
is the observed ve loc ity  in the experim enta l area 
exhib its the fo llo w in g  re la tion  (sea bottom -conduct
ing):

e i =  — V v j s +  Csp (e lectrom agnetic units)

where
V =  earth 's ve rtica l fie ld  (gauss)
Vi =  w a te r ve loc ity  (cm /sec) 

s =  length o f w a te r fila m en t (cm)
C =  current density (abam peres /cm 2) 
p =  specific resistance o f the w a te r (ohm s/cm )

T heore tica lly , C m ay have a value as g rea t as 
Vv0/ p w here  Vo equals the mean ve loc ity  across the 
entire  channel and the conductiv ity  o f the earth bed 
is n e g lig ib le  com pared to  the w a te r. In such an 
idea lized  case

e i =  — V v i s +  V vq s

z

oX «SOON

SHORE ELECTRODES INLAND ELECTRODE

7 5 0 0  FEET PERPENDICULAR, LAND SYSTEM

SEA ELECTRODE
RESTRICTED
a n c h o r a g e

AREA SEA SYST
31 DO FEET,

CAA RANGE TOWERS

SHORE ELECTRODES 

FIELD STATION

WALES VILLAGE

Figure 6 . Schem atic a f  land  an d  sea electrode  

systems.

CAPE PRINCE OF WALES
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The e ffect w ou ld  be to reverse the sign o f e i (meas
ured potentia l) and give the impression tha t expe ri
m ental observations d isagree even quan tita tive ly  
w ith theory.

Potentials measured by the electrodes moored 
near shore in the eastern Bering S tra it gen e ra lly  in 
d icate po larities opposite to tha t expected from  the 
known d irection  o f w a te r flow ing  th rough the system 
and w ould  lend experim enta l support to  the con
clusion tha t w a te r m otion seaward o f a m oored elec
trode system can have an overrid ing  e ffect on the 
potentia ls recorded.

Because o f the m any indeterm inate effects con
tribu ting  to the potentia ls measured a t the Field 
S tation, the e lectrode system was ca lib ra ted  from  
current survey da ta  and an em perical re lationship 
used to  convert observed potentia ls to  volume trans
po rt values.

The re la tion  between hourly potentia ls from  the 
sea e lectrode system and volume transport fo r a 
25-m ile section o f the eastern Bering S tra it (calcu
la ted from  the 1 August 1954 current measurements) 
is ind ica ted in figu re  7. The displacem ent from  zero 
may be a ttr ib u ted  to  several possibilities: (1) elec
trode po la riza tion , (2) concentration effects, (3) earth 
currents, and (4) w a ter m otion in the western Bering 
Strait. Further current studies and com parison w ith 
simultaneous po tentia l measurements are requ ired to 
determ ine the constancy o f the displacem ent and to 
provide an accurate estimate o f cause.

Using the re la tion  in figu re  7, average m onthly 
transports th rough a 25-m ile sector o f the eastern 
Bering S tra it were com puted from  potentia ls recorded 
on the sea electrode system. The potentia ls were 
computed by  determ in ing a mean value from  the

36

32

28

24

20

16

12

8

4

O'—
0.8 0 .4 0 0.80.4 1.2 2.01.6

AVERAGE VOLUME TRANSPORT (CUBIC METERS X  10 ' PER SECOND)

Figure 7 . R elation betw een w a te r trans

port an d  p o ten tia l values from  sea elec

tro d e  system.
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d a ily  (0000-2400) vo ltage  records (figs. 8A , 8B) and 
by  ca lcu la ting  an arithm etic m onth ly average  from  
the d a ily  values.

A  sim ilar eva lua tion  o f potentia ls measured on 
land electrode systems indicates tha t such systems 
are gen e ra lly  unw orkab le , a t least fo r this location, 
since t id a lly  genera ted or " tra n s p o rt"  po tentia ls are 
obscured by earth currents and la rge  random  flu c 
tuations in signals du ring  the summer months and 
by va ria b le  losses in "p ic k -u p "  sensitivity due to  the 
ground freez ing  during  the w in te r months. The de 
crease in e lectrica l conductiv ity  between land elec
trodes is illus tra ted in d irec tly  by the changes in 
voltages deve loped between land s ilve r/s ilve r ch lo
ride electrodes and earth grounds as the atmospheric 
heat input fluctuates (figs. 9A , 9B, and 9C). The 
irregu la r s igna l fluctuations a re  common to  both 
sea and land e lectrode systems, a lthough  more p ro 
nounced in the land system. The e lectric  po tentia l 
measurements reported  by  W erthe im 10 exh ib it com
pa rab le  fluctuations and have been re la ted to  v a r ia 
tions in the m agnitude and d irection  o f the horizonta l 
com ponent o f the geom agnetic fie ld .

Inspection o f the average  m onth ly mass w a te r 
transport fo r June 1953 through N ovem ber 1955 
(fig . 10) indicates considerable fluctua tion  th roughout 
the yea r both in volume and in d irection . A  northe rly  
transport fo r August th rough Novem ber rang ing  from  
a minimum o f 0.8 to a maximum  o f 3.1 X  10® cubic 
meters per second is characteristic o f a ll three years.

The la rge  southerly ou tflow  o f w a te r from  the 
A rctic  O cean system in M ay and June o f 1954 (3.8 
X  IO 6 cubic meters per second) is som ewhat surpris
ing and perhaps con tra ry  to  many form er opinions, 
a lthough  continuous measurements which p rov ide  ev i
dence on the volume and d irection  o f transport 
th rough the S tra it are extrem ely m eager. It is un
fo rtuna te  tha t com para tive  da ta  fo r the same period  
in 1953 and 1955 are unava ilab le .

The reader is cautioned as to  the accuracy o f 
the mass transport da ta . Until fu rthe r po ten tia l meas
urements and current ca lib ra tions have been con
ducted, the d a ta  presented in figu re  10 must be 
considered ten ta tive . It is abvious th a t a sh ift in the 
em pirica l ca lib ra tio n  curve (fig . 7) could cause a p p re 
c iab le  changes in transport values ca lcu la ted from  
the average  m onth ly potentia ls.

SEA WATER TEMPERATURES

Bottom sea w a te r tem peratures in the eastern 
Bering S tra it have been measured, 1200 fee t offshore 
in 10 feet o f w a ter, from  O ctober 1953 to  November 
1955. A ve rage  m onth ly and d a ily  tem peratures fo r 
this pe riod  are presented g ra p h ica lly  in figures 11 
and 12.

M ore s ign ifican t da ta  in re la tion  ta w a te r trans
port a re obta ined  when the therm al units are la id  
in deeper w a te r a t a distance 4 to  6 miles offshore, 
where a zone o f boundary  or trans itiona l flo w  a p 
pears to exist. Data were obta ined  in this area in 
19511 and ind ica ted considerable corre la tion  w ith 
w a te r movem ent and w ind shifts. The reported meas
urements, taken near shore in sha llow  and re la tive ly  
pro tected waters, obviously re flect atm ospheric ra d ia 
tion and m eteoro log ica l param eters to  a fa r g rea te r 
degree than  average  oceanograph ic  changes and 
must be considered in the in terp re ta tion .

lee reconnaissance da ta  summarized in terms o f 
the po la r pack ice bou ndary  and reported by  the 
U. S. N a vy H yd rog rap h ic  O ffice12 illustra te  the re la 
tive n a v ig a b ility  o r severity o f ice conditions in the 
C h ukch i/B e au fo rt Seas fo r the years 1953, 1954, and 
1955 and a re  reproduced in figu re  13. From fig u re  11 
it is noted tha t the average  m onth ly tem peratures 
fo r A ugust and Septem ber 1954 were 2 .7°F  and 
4 .0°F  h igher than fo r the same months in 1955. This 
leads to  specu lation on the contribu tion  o f w a te r 
transport, if  any, to  the la rge  recession o f ice o ff 
the northwestern A laskan coast and the extrem e open 
conditions in the Chukchi Sea during  1954.

A  con trad ic to ry  fea tu re  arises, if  average 
m onth ly volume transport values are considered to 
gether w ith  the average  m onth ly tem peratures. Since 
the August-Septem ber 1955 transport values are in d i
cated to be a p p ro x im a te ly  tw ice the volume fo r  the 
same months in 1954, the to ta l theore tica l am ount 
o f a v a ila b le  "o ce a n ic " heat above 29°F  fo r these 
tw o  months is on ly  abo u t 50 per cent and 70 per cent 
as g rea t as fo r August and Septem ber 1955. Thus, it 
m ight be reasoned th a t the w a te r contribu tion  ta  ice 
d is in tegra tion  is s ligh t o r neg lig ib le .

From the preced ing da ta  it is app a re n t th a t a 
com ple te heat budge t study which considers a ll pe rti
nent oceanograph ic  and m eteoro log ica l param eters 
in re la tio n  to  ice g row th , dissipation, and movement

10



►VLOOIT

ajo^aiettef) j »«Q4 'BSWÏ

S I O H k  DB ‘aítrás (qnft ooei
T̂dreï

oTpaj

tAHIÏP
imabd

¡9 icir̂ q̂ jxvq. e ■ 
£»rmra(ri?
Î "  «¡te**

stop 9T s astê$  omia 'o o b i

n

Fi
gu

re
 

8. 
Sa

m
pl

e 
re

co
rd

 
sh

ow
in

g 
si

gn
al

 
vo

lta
ge

 
ve

rs
us

 
tim

e.

A.
 

Ty
pi

ca
l 

vo
lta

ge
s,

 
se

a 
el

ec
tr

o
d

es
.

B. 
Ty

pi
ca

l 
vo

lta
ge

s,
 

la
nd

 
el

ec
tr

od
es

, 
re

la
tiv

el
y 

un
di

st
ur

be
d 

p
er

io
d

.



A
C

CU
M

U
LA

TE
D

 
DE

GR
EE

 
DA

YS
 

BE
LO

W 
32

 
F

A B  C
10,000

1000

100
0 .2  0 .4  0 .6  0 .8  1.0 1 .2  0 .8  1.0 1 .2  0  0 .2  0 .4  0 .6  0 .8  1 .0  1.2

ELECTRODE GROUND VOLTAGE (VOLTS)

NORMAL VOLTAGE FOR SEA ELECTRODES 
AND F0R LAND ELECTRODES 
DURING SUMMER PERIOD

Figure 9 . R elation betw een  accum ulated  d e g re e  days b e low  3 2 ° F an d  p o te n tia l m eosured betw een  a  
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B. Period 2 2  O c to b e r 1 9 53  to  1 A ugust 19 54 .

C . Period  7  O c to b e r 1 9 5 4  to 1 A ugust 1 9 5 5 .
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F igure 10. A ve rag e  m onthly volum e fronspart through  a  25 -m ile sector o f the Eastern  

Bering S tra it, June 19 53 to N ovem ber 19 55 .
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Figure 11. A v e ra g e  m onthly sea w a te r tem p e ra tu re , Bering S tro ît, W a le s , A laska , 
O ctober 19 53 to N ovem ber 1955 .
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must be made before  consistent "b e h a v io r"  o r p re
diction form ulas can be deve loped. In order to  un
ravel and to  assign quan tita tive  values to  each fac to r 
or even rea lis tica lly  to  group effects contribu ting  to 
the ice regime, it may w e ll be necessary to  extend 
measurement stations to several strategic points w ith in 
the system. A  minimum requirem ent fo r  eva luation  o f 
the Bering S tra it/C h u kch i Sea system appears to be 
coord inated oceanograph ic measurements from  W ales 
and from  a northern station located a t Point Hope 
or Cape Lisburne.

SEA ICE G R O W TH

The first slush ice fo rm ation  o ff W ales, A laska, 
appears from  m id-O ctobe r to  m id-Novem ber w ith 
va riab le  states o f slush-pancake-young ice and open 
w ater com binations existing until the first o r second 
week o f December when ice accretion becomes more

uniform , w ith grow th  o f the solid state continuing 
until the la te r pa rt o f A p ril to ea rly  M ay. The heat 
budget then reverses w ith the break-up progressing 
ra p id ly  th roughou t la te M ay and the first tw o weeks 
o f June. By Ju ly  the area is free o f fast and d r ift  ice 
except fo r  a few  scattered grow lers.

The land-fast ice sheet is va riab le  in w id th  from  
1 to  Vi m ile, w ith the sea ice beyond the fast ice 
in continual motion th roughou t the w in ter season. 
Typical ice conditions during  January in the eastern 
Bering S tra it a re  illustrated in figu re  14.

The rate o f grow th o f sea ice was measured in 
the fast ice a t a po in t Vi m ile offshore during  the 
1952-1953 and the 1953-1954 ice seasons. Thickness 
was determ ined by d r illin g  1'/2 -inch holes w ith an 
auger-type corer and measuring the sheet w ith a 
ca lib ra ted  rod constructed w ith a spring -loaded arm 
designed to  pro ject aga inst the underside o f the ice 
upon release from  the boundaries o f the d r il l hole.

F igure 14 . A re a  betw een  W ale s  an d  D iom ede Islands illustrating  J a n u a ry  ice conditions. Fast ice is the  

d a rk  portion  in the low er po rt o f the  p h o to g ra ph . A ll ligh t* ice moving north.
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The increase in ice thickness w ith  tim e is shown in 
figu re  15.

Discontinuities exist a t the beg inn ing o f each 
season, caused in 1952 by the destruction o f the fast 
ice sheet and in 1953 by  the in flux  o f d r if t  ice which 
rem ained and deve loped as the perm anent fas t ice 
sheet. Prior to the destruction o f the ice on 5 January 
1953 by  high winds and above freez ing tem peratures, 
an estim ated thickness a f 14 to  18 inches had been 
a tta ined .

The b reak-up  a f the fast ice an 29 M ay m ay be 
ind ica tive  o f the m ild  ice conditions experienced o ff 
the northern and northwestern A laskan coast during 
the summer o f 1954 and is a p p ro x im a te ly  tw o weeks 
e a rlie r than the average  observed time fo r  the 5 -year 
period  from  1951 to  1955.

A  com parison o f ice thickness and accum ulated 
degree days be low  29°F  is given in fig u re  16. For 
each season, degree days are ca lcu la ted starting 
w ith the da te  the firs t slush ice was observed. The 
average  d a ily  tem pera ture  is com puted as the mean 
o f the maxim um  and minimum a ir  tem pera ture  re
corded a t W ales. Based an the Field S tation w eather 
observations, the m eteoro log ica l factors o f cloud 
cover, w ind speed, and hum id ity  and the insulating 
e ffect o f snow cover on ra te  a f ice g row th  are gen
e ra lly  com parab le  fo r the tw o ice seasons considered 
here. The snow cover on the ice d id  not exceed 4 
inches th ro ughou t the m easurement periods. M ino r 
irregu la rities  in the com parison a f degree days and 
ice thickness a re  expected, due to  the lim ited tem 
perature  da ta  and ta  the method a f ca lcu la ting  aver
age d a ily  tem peratures.

The d iscontinuities during  the in itia l fo rm ation  
a f the fast ice should be kept in m ind, since these 
have a de fin ite  bea ring  on the slope o f the ice 
fo rm a tion  curve and na dou b t account fo r  much a f 
the d ivergence during  e a rly  stages o f g row th . Com
p a ra b le  rates o f g row th  a re  ind ica tive  fo r  both 
seasons a fte r an ice thickness o f 31.5 inches was 
reached.

The com p lex ity  o f the va riab les a ffecting  the 
ice g row th  ra te  is recognized and fie ld  studies are 
now in progress to  ob ta in  mare com ple te m eteor
o log ica l, oceanograph ic , and tem pera ture  p ro file  
(a ir-ice -w a te r) da ta . These observations w ill be an
a lyzed  in g re a te r d e ta il than the preceding da ta  
and the observed ice g row th com pared w ith  the
o re tica l values com puted by  various methods dis
cussed and sum marized by C a la w a y .13 S ° °

(S3HDNI) 5S3N30IH1 331
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The number o f degree days below  29°F  in each 
month, O ctober th rough M ay, fo r the app rox im a te  
1952-53 and 1953-54 ice seasons is summarized in 
tab le  3.

TABLE 3. Summ ary o f m onthly degree days below  
29°F  a t W ales, A laska, fo r 1952-1953 and 1953- 
1954 ice seasons.

M onth Y ear

D egree Days 

Below 2 9 °F Year
D egree Days 

Below 2 9 °F

O ctober 1952 — 7 7 * 1953 4

N ovem ber 1952 198 1953 27 6
Decem ber 1952 6 4 9 1953 9 6 4
Ja nuary 1953 9 9 6 19 54 9 1 8
February 1953 1079 1954 1 1 34

M arch 1953 11 04 1954 7 1 0
A p ril 1953 48 8 1954 3 2 2
M a y 1953 52 1954 —  1 4 8 *

Total 4 4 8 9 4 1 8 0

*  M inus va lu e  indicates d e g re e  days above 2 9 ° F.

Total degree days fo r the 1953-54 period are 
app rox im a te ly  7 per cent less than fo r  the previous 
year. The re la tive ly  rap id  atm ospheric w arm ing and 
the m ild a ir  temperatures in the spring o f 1954 are 
reflected in the low er degree day  totals fo r M arch 
and A p ril and in the number o f degree days above 
29°F  fo r M ay. The significance a f these da ta  and the 
pred ic tab le  effect, if  any, in re la tion  to  break-up 
require fu rther study.

TIDAL MEASUREMENTS

A  secondary type tide  station was erected in 
the surf area o ff W ales, A laska, during  the summer 
a f 1954 and a series o f tide  observations taken fo r 
a period o f 9 weeks from  19 July to 18 September. 
O bservations were conducted p rim a rily  to assist in 
the eva luation  o f a hydrau lic  system fo r measuring 
flu id  transfer from  off-shore points and to  provide 
simultaneous tide  da ta  in conjunction w ith e lectro
m agnetic transport measurements.

Tidal cycles were measured w ith a Type 5 -F W -l, 
Instrument C o rpo ra tion , "p o rta b le  autom atic w a ter 
level reco rde r." The instrument utilizes a conven
tiona l type 4-inch-d iam eter f lo a t and counterpoise 
w e ight a ttached to a steel tape rid ing  over a 12-inch 
circum ference pen drive wheel. The 5-inch-by-14.5 
inch curv ilinear chart is cy lind rica lly  mounted with 
rate o f advance contro lled by an 8-day spring-w ound 
clock.

The record ing insturment was mounted a top  a 
5 -inch -d iam e te r-by -l2 -fo o t iron flo a t w e ll w ith  the 
counterpoise w e igh t rid ing  in an ad jacent 2-inch- 
d iam eter tube. The wells were supported inside a 
10-foot tr ip o d , constructed from  % -by-3-by-3-inch 
ang le iron, w ith  a 50-inch base leg spread. The 
trip o d  was located a pp rox im a te ly  300 feet o ff shore 
and secured in position w ith fou r lO O -foot-5 /32-inch

-ICE SEASON, 1 9 5 3 -1 9 5 4
S000

S 00
0  5 IO  IS  2 0  25 3 0  3S 4 0  45 50

ICE THICKNESS (INCHES)

Figure 16. C om parison o f ice thickness an d  accum ulated d egree  

days below  2 9 °F  fo r  W ale s , A laska .
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guy lines running from  the upper corners o f the 
tripod  to 100-pound d a n fo rth  type  anchors (fig . 17). 
In spite o f m odera te ly  heavy surf action , considerable 
success was achieved in m a in ta in ing  the equ ipm ent in 
continuous ope ra tion . Follow ing one south storm it 
was necessary to  releve l the f lo a t w e ll and trip o d ; 
however, the procedure is gen e ra lly  app lica b le  ta 
m aking short term  tid e  studies in remote and un
protected aereas where a m ore perm anent insta lla tion  
is im p rac tica l o r unw arran ted.

T ida l measurements are summarized in figu re  
18. The he igh t o f w a te r g iven in inches is based on 
ac tua l sta ff readings w ith zero representing the 
ocean flo o r a t the tide  stand. A  perm anent inshore 
bench m ark has been established which w ill perm it 
co rre la ting  fu tu re  observations. A l l times listed are 
Bering S tanda rd. The g raph ic  presentation indicates 
the character o f the t id a l cycles measured.

A  stage he ight ra tio  o f 5 inches o f chart equal 
to  60 inches o f w a te r and a tim e scale o f a p p ro x i
m ate ly 1 m illim eter equa l to  30 minutes were the 
instrum ent record ing  chart coord inates. The estim ated

read ing  errors fo r  the tim e o f high and low  tides is 
o f the a rde r o f 10 minutes and fo r tide  heights is 
plus or minus 0.2 inch.

A  com ple te analysis correcting fo r  w inds, b a r
om etric cond itions, and o ther factors effecting tide  
changes has not been m ade; however, the fo llow ing  
predom inate  features are noted from  inspection o f 
the t id a l da ta . The tides o ff W ales exh ib it consider
ab le  d iu rn a l in equa lity  w h ile  the average  period 
indicates th a t the p a rt ia l t ide  fo rce  is "p r in c ip a l 
lu n a r" w ith  the occurrence o f high and low  waters 
norm a lly  characterized by a sem idiurnal va ria tion .

Range between successive m axim a and minima 
are sm all, averag ing  8 inches during  the 9-week 
observation period and rang ing  from  a minimum 
va lue o f 0.2 inch to  a maximum  o f 18 inches. Strong 
loca l w inds and storms aver the Bering S ea /B ering  
S tra it fend to  deform  the tid a l curve, depressing or 
en la rg ing  the oscilla tions and the d a ily  t id a l periods. 
A  m axim um  va ria tio n  in sea level from  low  low w ater 
to h igh  h igh w a te r o f 51 inches was observed during  
the July-Septem ber record ing period.

« ¡y **»

F igure 17 . O ffshore tid e  record ing  sta tion , W a le s , A las ka .
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Figure 18 . T ide g ra p h  a n d  tab les fa r  W a le s , A las ka , 18  Ju ly 1 9 5 4  th rough  18 S ep tem ber 1 9 54 .
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CONCLUSIONS RECOM M ENDATIO NS

1. A ve rage  mass w a te r transport th rough the 
eastern Bering S tra it exhib its considerable fluc tua
tion th ro ughou t the yea r both in volume and d irec
tion.

2. A  northe rly  volume transport va ry ing  from
0.8 to 3.1 X  10u cubic meters per second appears 
characteristic o f the period  August th rough N o 
vember.

3. An area  o f maximum current velocities is 
ind ica ted in the 8-to-12-m ile section a f the eastern 
Bering S tra it.

4. Potentials measured w ith  short sea electrode 
systems can be co rre la ted w ith mass w a te r transport, 
wh ile  land e lectrode systems app ear gen e ra lly  un
w o rkab le  fo r  the Cape Prince o f W ales area.

5. Bottom sea w a te r tem peratures in the eastern 
Bering S tra it a tta in  maximum average values o f 45°F  
to  49°F  by la te  August and reflect north-south shifts 
in w ind d irection  and w a te r transport.

6. O m itting  in it ia l freeze-up discontinuities, the 
logarithm  o f accum ulated degree days be low  29°F  
exhib its essentia lly a linear re la tionsh ip  w ith  fast 
ice accretion a t W ales, A laska.

7. A ve rag e  to ta l ice g row th  a t W ales is 46 
to  48 inches, w ith  firs t slush ice fo rm ed la te  O ctobe r 
to  e a rly  Novem ber and fast ice b reak-up  norm ally  
com pleted by  mid June.

8. Tides o ff W ales a re  sem i-diurna l in v a r ia 
tion , w ith  ranges between high and low  w a te r during  
the summer months ave rag ing  less than 12 inches.

1. Extend and make simultaneous oceano
g raph ic  and m eteoro log ica l measurements essential 
to  a de ta iled  analysis o f the sea-ice-heat-budget 
regim e.

2. Continue m easurement o f average  w a ter 
transport th rough the Bering S tra it by the e lectro
m agnetic m ethod and conduct independent w a te r 
ve loc ity  measurements fo r co rre la tion  w ith transport 
da ta .

3. Conduct d a ily  sea-water tem pera ture  meas
urements from  strategic points a long  the northwestern 
A laskan coast as an a id  to  the study o f te m p e ra tu re / 
transport discrepancies.

4. Conduct sonar studies in respect to  the effect 
o f ice coverage and movement on am bient noise 
and passive detection ranges.

5. Study and re la te  tide  and w ind contribu tion  
to  w a te r transport th rough the Bering S tra it.

6. O b ta in  d a ta  on the va ria tio n  o f the hori
zonta l com ponent a f the earth 's m agnetic fie ld  and 
the con tribu tion  to the fluctuations present in the 
w a te r-transpo rt-genera ted  signal potentia ls.

7. Conduct la b o ra to ry  experiments to  sim ulate 
the effect o f va ry ing  current speeds and d irection  
on e lectrica l po tentia ls genera ted by  simultaneous 
irre g u la r flo w  cond itions across the Bering S tra it.
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APPEN D IX : SURFACE CURRENT A N D  
VELOCITY PROFILE D A TA

TABLE 1. Surface current observations, eastern Bering Strait, 
1 August 1954.

Position 

(n. m. due 
west line)

Time
(8ST*)

Current Position 
(n. m. due 
west line)

Time
(8ST*)

Current

Dir.
(to)

Speed
m

Dir.
(to)

Speed
(kt)

LVT-3(C) No. 1 0730 N 1.43

1.5 0230 W 0.49 0801 N 1.48

0310 WNW 0.20 0830 N 1.40

0345 NW 0.17 0901 N 1.32
1.32

LVT-3(C) No. 2 1002 N 1.48

3.0 0250 NW 0.53 1030 N 1.53

0300 NW 0.52 1100 N 1.60

0337 NNW 0.47 1130 N 1.11

0445 NNW 0.48 1200 N 1.07

0535 NW 0.56 1230 N 1.25

0Ó10 N 1.13 1307 N 1.62

0620 N 1.40 1330 N 1.83

0705 N 1.69 1400 N 1.56

USS 8URTON ISLAND
USCGC NORTHWIND CVP GREENLAND CRUISER
5.0 0300 320® 0.20 15.0 0205 180° 0.15

0330 320 0.22 0240 180 0.11
0400 320 0.24 0305 195 0.11
0430 350 0.31 0325 195 0.14
0500 340 0.21 0405 200 0.14
0530 340 0.19 0435 250 0.14
0600** 340 0.17 0500 260 0.16
0630** Var. — 0540 305 0.36
0700** 150 0.11 0605 335 0.55

LCVP recalled, ne w crew ent aut. 0630 335 0.83

8oot reanchored north of 0700 355 1.13

first position. 0730 355 1.13
0800 000 1.52

0950 000 2.37 0830 000 1.50
1110 000 2.42 0900 000 1.52

USCGC NORTHWIND 0930 000 1.48
1005 350 1.25

8.0 — 341® 0.88 1040 350 1.13
0658 337 0.94 1115 350 0.87
0922 015 1.04 1145 350 0.99
0942 015 0.93 1200 350 0.69
0945 005 1.20 1235 350 0.78
1009 359 1.15 1300 350 1.03
1030 012 1.22
1042 001 1.18 USS 8URTC>N ISLAND

1102 015 1.40 20.0 0200 — 0.0
1118 005 1.27 0230 — 0.0
1133 010 1.45 0300 — 0.0
1148 010 1.36 0330 110" 0.32
1202 008 1.48 0400 115 0.26
1219 007 1.35 0430 116 0.29
1234 012 1.41 0500 074 0.19
1247 009 1.46 0530 010 0.31
1300 003 1.43 0600 010 0.40

0630 010 0.44
USS 8URTON ISLAND LCVP 0700 009 0.43
12.0 0200 N 0.25 0730 009 0.76

0230 N 0.34 0800 015 0.80
0300 N 0.32 0830 013 0.85
0330 N 0.49 0900 010 1.01
0400 N 0.34 0930 012 1.06
0430 N 0.59 1000 023 0.94
0500 N 0.88 1030 021 0.98
0530 N 1.22 1100 026 0.95
0600 N 1.33 1130 024 1.01
0634 N 1.29 1200 032 0.95
0705 N 1.39 1230 035 0.95

*  8eríng Standard Time (plus
11 zone).

* *  LCVP dragging anchor; volues 
highly questionable.
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