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AIDJEX OCEANOGRAPHIC INVESTIGATIONS 

3. Dungan Smith 
Departments of Oceanography and Geophysics 

U n i v e r s i t y  of Washington 
S e a t t l e ,  Washington 

I. INTRODUCTION 

During t h e  main phase of AIDJEX,  scheduled f o r  1973, t h e  a i r  stress 

on t h e  i ce  s u r f a c e  and t h e  motion of t h e  i ce  w i l l  b e  monitored. The 

oceanographic measurements w i l l  seek  t o  determine t h e  stress on t h e  under- 

s i d e  of t h e  i ce  from t h e  roughness of t h e  unders ide  and t h e  re la t ive  

c u r r e n t s .  The i ce  roughness h a s  a v a r i e t y  of scales ranging from a few 

meters under o l d  f l o e s  t o  several t e n s  of meters under p r e s s u r e  r i d g e s ,  

and s l o p e s  of 1:20 or s t e e p e r  are common even under o l d  f l o e s .  (For 

example, see F i g u r e  3 i n  t h e  1970 P i l o t  Study Report  i n  t h i s  B u l l e t i n . )  

The motion of b o t h  ice and water involves  t h e  s o l u t i o n  of complicated,  

time-dependent problems. 

The f low between t h e  bottom of t h e  sea ice  and t h e  quasi-geostrophic  

c u r r e n t s  i n  t h e  upper Arc t ic  Ocean can b e  d iv ided  i n t o  two l a y e r s :  a 

f r i c t i o n a l  boundary l a y e r  extending from t h e  b a s e  of t h e  i ce  t o  a d i s t a n c e  

of a few meters below t h e  ice s h e e t ,  and a n  Ekman boundary l a y e r  extending 

from a few meters below the  ice  s h e e t  t o  several t e n s  of meters below t h e  

ice. I n  t h e  f r i c t i o n a l  boundary l a y e r ,  t h e  turbulence  i s  generated l o c a l l y  

by t h e  s h e a r  i n  t h e  v e l o c i t y  f i e l d  (which i n  t u r n  i s  due t o  t h e  presence of 

t h e  boundary),  and t h e  C o r i o l i s  e f f e c t  is n e g l i g i b l e .  The t u r b u l e n t  mixing 

i n  t h i s  r e g i o n  is  p r o p o r t i o n a l  t o  t h e  l o c a l  s h e a r  v e l o c i t y  and t h e  d i s t a n c e  

from t h e  boundary. I n  t h e  Ekman l a y e r ,  t h e  C o r i o l i s  e f f e c t  is  of prime 

importance,  and t h e  t u r b u l e n t  mixing i s  more o r  less independent of d i s -  

t a n c e  from t h e  boundary as shown by Hunkins (1966). Pre l iminary  a n a l y s i s  
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of Smith 's  measurements descr ibed  i n  t h e  1970 ATDJEX P i l o t  Study Report 

( t h i s  BuILletin) also i n d i c a t e s  a cons t an t  t u r b u l e n t  mixing c o e f f i c i e n t  o r  

eddy v i s c o s i t y  i n  t h e  Ekman l a y e r .  

I n  t h e  atmosphere, t h e  s e p a r a t i o n  of t h e  p l ane ta ry  boundary l a y e r  

i n t o  two reg ions  i s  a l s o  p o s s i b l e ,  The f r i c t i o n a l  boundary l a y e r  of t h e  

atmosphere is  several t e n s  of meters t h i c k ,  and t h e  Ekman l a y e r  i s  several 

hundred meters t h i c k .  The topography over  much of t h e  ice  s u r f a c e  i s  s e v e r a l  

t e n s  of cen t ime te r s  i n  h e i g h t ,  and even most p r e s s u r e  r i d g e s  are small  

relative t o  t h e  t h i c k n e s s  of t h e  f r i c t i o n a l  boundary l a y e r .  Th i s  means t h a t  

t h e  Ekman l a y e r  is  g e n e r a l l y  i s o l a t e d  from t h e  s u r f a c e  topography, which, 

except  n e a r  p r e s s u r e  r i d g e s ,  can be  considered as a s u r f a c e  roughness i n  

an o therwise  uniform flow. Moreover, dur ing  most pe r iods  of i n t e r e s t  t o  

t h e  ice  deformation problem, t h e  wind speed a t  t h e  top  of t h e  f r i c t i o n a l  

boundary l a y e r  is  h igh  r e l a t i v e  t o  t h e  d r i f t  speed of t h e  ice,  pe rmi t t i ng  

t h e  ice  t o  b e  considered quasi-s teady f o r  stress c a l c u l a t i o n s .  

The s i t u a t i o n  i s  q u i t e  d i f f e r e n t  i n  t h e  oceanic  boundary l a y e r .  The 

under-ice topography as mentioned previous ly  is  u s u a l l y  comparable i n  

h e i g h t  t o  t h e  f r i c t i o n a l  boundary l a y e r  and t h e  p r e s s u r e  r idges  are o f t e n  

comparable t o  t h s  th i ckness  of t h e  Ekman l a y e r .  This  r e s u l t s  i n  a nonuniform 

Ekman l a y e r  as w e l l  as a nonuniform f r i c t i o n a l  boundary l a y e r  under much of 

t h e  ice.  I n  a d d i t i o n  t o  t h i s  complicat ion,  t he  d r i f t  speed of t h e  i c e  i s  

o f t e n  comparable t o  t h e  flow speed i n  t h e  Ekman l a y e r .  This  tends  t o  make 

t h e  oceanic  boundary l a y e r  unsteady as w e l l  as nonuniform. 

These compl ica t ions  may n e c e s s i t a t e  an approach t o  under-ice boundary 

l a y e r  s t u d i e s  somewhat d i f f e r e n t  from t h a t  used i n  a tmospheric  boundary 

l a y e r  s tud ies - - for  example, a g r e a t e r  dependence on t h e o r e t i c a l  c a l c u l a t i o n s .  

I n  any case, they  r e q u i r e  a c a r e f u l  examination of t h e  n a t u r e  of t h e  oceanic  

boundary l a y e r  and i t s  r e l a t i o n s h i p  t o  both t h e  i c e  d r i f t  and t h e  flow i n  

t h e  upper Arctic Ocean. 

For t h i s  reason ,  a f a i r l y  ex tens ive  oceanographic program w a s  planned 

f o r  t h e  1970 AIDJEX P i l o t  Study, which w a s  c a r r i e d  out  by t h e  Un ive r s i ty  

of Washington i n  conjunct ion  wi th  t h e  Canadian P o l a r  C o n t i n t e n t a l  Shelf  

P r o j e c t  at t h e i r  i c e  f l o e  camp i n  March (Camp 200). An even more ex tens ive  

oceanographic program is  planned f o r  March 1971 a t  Camp 200. These s t u d i e s  

are descr ibed  i n  t h i s  B u l l e t i n .  
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11, THEORETICAL CONSIDERATIONS 

If  t h e  f r i c t i o n a l  boundary l a y e r  i s  s t e a d y  and uniform i n  J: and y ,  

then  a s imple s i m i l a r i t y  argument i n  which t h e  v a r i a b l e s  u ,  z ,  and au/az 

are assumed t o  d e f i n e  t h e  problem l e a d s  t o  t h e  express ion  

U 
u = $ ~ n Z  

zO 

Here u is t h e  v e l o c i t y  a d i s t a n c e  z from t h e  boundary; U* = d s  
square  r o o t  of t h e  boundary s h e a r  stress (Tb) div ided  by t h e  square  r o o t  

of t h e  f l u i d  d e n s i t y  (p) and is  c a l l e d  t h e  s h e a r  v e l o c i t y  o r  f r i c t i o n  

v e l o c i t y ;  k i s  a cons tan t  of p r o p o r t i o n a l i t y  c a l l e d  von Karman's cons tan t  

and found exper imenta l ly  t o  be  about 0 .40;  and zo i s  a cons tan t  of  i n t e g r a -  

t i o n  r e l a t e d  t o  t h e  roughness of t h e  boundary. 

of t h e  l o c a l  roughness of  t h e  boundary and i f  t h e  "roughness Reynolds number" 

R, = u,k,/v 
than  3,  t h e n  t h e  boundary is c a l l e d  " h y d r a u l i c a l l y  smooth" and Zo = V/9u, 

( s e e  S c h l i c h t i n g ,  1960, p .  5 1 9 f f ) .  

enough, z0 a k ,  and t h e  boundary i s  c a l l e d  " h y d r a u l i c a l l y  rough.'' For  

randomly d i s t r i b u t e d  sand g r a i n s ,  " h y d r a u l i c a l l y  rough flow" occurs  a t  

R, > 100; i n  t h i s  case, zo = k,/30 (see S c h l i c h t i n g ,  1960, p. 519ff .)  . 
For wave-type roughness,  h y d r a u l i c a l l y  rough flow occurs  a t  cons iderably  

h i g h e r  roughness Reynolds numbers. What i s  considered roughness by some 

writers is  considered t o  be  nonuniformity i n  t h e  flow by o t h e r  w r i t e r s ;  

b u t  i f  t h e  boundary i s  uneven wi th  wavelengths on t h e  o r d e r  of  t h e  t h i c k n e s s  

of t h e  f r i c t i o n a l  boundary l a y e r  o r  l a r g e r ,  i t  is b e s t  t o  cons ider  t h e  flow 

nonuniform r a t h e r  than  t o  t r y  t o  treat t h e  topography as roughness elements.  

By t h i s  c r i t e r i o n  t h e  flow i n  much of t h e  f r i c t i o n a l  boundary l a y e r  under 

t h e  p o l a r  i ce  i s  nonuniform, 

i s  t h e  

I f  k ,  is  an a p p r o p r i a t e  measure 

(where L, i s  t h e  k inemat ic  v i s c o s i t y  of t h e  f l u i d )  i s  less 

On t h e  o t h e r  hand, i f  R, is  l a r g e  

Nonuniform two-dimensional f r i c t i o n a l  boundary l a y e r s  have been 

considered by several wri ters  concerned w i t h  t h e  dynamics of deformable 

boundar ies ,  Much of t h e  r e c e n t  work on air-sea i n t e r a c t i o n  h a s  been of 

t h i s  type  ( e .g . ,  Miles, 1967);  however, i n  t h i s  case t h e  problem is compli- 

c a t e d  by the motion of t h e  boundary and by t h e  f a c t  t h a t  t h e  boundary is  

considered t o  b e  t h i c k  r e l a t ive  t o  t h e  wavelengths of t h e  s u r f a c e  waves. 
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On t h e  o t h e r  hand, Smith (1970) 

s u b j e c t e d  t o  a s h e a r  f low,  h a s  considered t h e  boundary t o  b e  quasi-s teady 

and h a s  t h e r e f o r e  provided a s o l u t i o n  t o  f low over  a f i x e d  boundary of 

small-amplitude topography. Unfor tuna te ly ,  t h i s  theory  u s e s  a c o n s t a n t  

eddy v i s c o s i t y  which is somewhat u n r e a l i s t i c  f o r  n a t u r a l  f r i c t i o n a l  boundary 

l a y e r s .  

l i n e a r l y  vary ing  eddy v i s c o s i t y ,  r e s u l t s  of t h e s e  c a l c u l a t i o n s  are  n o t  y e t  

a v a i l a b l e .  Smith's  theory ,  l i k e  t h a t  of Miles, is a f i r s t - o r d e r  theory  and 

t h e r e f o r e  a p p l i e s  on ly  t o  small-amplitude topography; n e v e r t h e l e s s ,  i t  h a s  

been used w i t h  some success  i n  p r e d i c t i n g  t h e  boundary s h e a r - s t r e s s  d i s t r i -  

b u t i o n  over f i n i t e - a m p l i t u d e  Columbia River sand waves w i t h  wavelengths of 

about  60 meters and h e i g h t s  of about  3 meters (Smith, 1969).  The theory  

is compared t o  P r e s t o n  tube  measurements of boundary s h e a r  stress i n  t h e  

abovementioned r e p o r t  and is shown t o  reproduce t h e  major f e a t u r e s  of t h e  

measurements w i t h  approximately t h e  c o r r e c t  ampli tudes.  

i n  s tudying  t h e  s t a b i l i t y  of a sand bed 

Although i t  is p r e s e n t l y  be ing  expanded t o  i n c l u d e  t h e  case of a 

F u r t h e r  unpublished work i n  t h i s  area i n d i c a t e s  t h a t  w h i l e  t h e  f i r s t -  

o r d e r ,  c o n s t a n t  eddy v i s c o s i t y  theory reproduces t h e  major s t r u c t u r e  of t h e  

boundary s h e a r - s t r e s s  p r o f i l e ,  i t  overes t imates  t h e  accelerative e f f e c t s  

and underes t imates  t h e  d e c e l e r a t i v e  e f f e c t s .  This  a g r e e s  wi th  flume measure- 

ments made under Smith's  d i r e c t i o n  by Reeder (1970), which show t h a t  second- 

o r d e r  e f f e c t s  are about  25% as important  as f i r s t - o r d e r  e f f e c t s  i n  regard  

t o  flow over  s i n u s o i d a l  boundaries  w i t h  h e i g h t  t o  wavelength r a t i o s  of 1:15,  

t h e  l a t te r  be ing  a r a t h e r  common harmonic i n  n a t u r a l  topography i n c l u d i n g  

t h e  Columbia River sand waves and t h e  unders ide  of t h e  a r c t i c  ice. No  second- 

o r d e r  thleory is now a v a i l a b l e ,  and no three-dimensional theory  has  y e t  

been at tempted.  

The boundary shear  stress c a l c u l a t e d  from t h i s  theory ,  c a l l e d  "skin 

f r i c t i o n "  by aerodynamicis ts  , does n o t  i n c l u d e  t h e  "form drag" o r  "pressure  

drag" due  t o  t h e  boundary geometry. 

can a l s o  b e  eva lua ted ;  i t  i s  t y p i c a l l y  several times t h e  magnitude of  t h e  

skin f r i c t i o n .  I n  a d d i t i o n ,  i t  is worth n o t i n g  tha t  t h e  skin f r i c t i o n  i s  

t y p i c a l l y  30% higher  t h a n  its f la t -bed  v a l u e  f o r  s l o p e s  of o n l y  a few 

degrees  and may v a r y  by as much as a f a c t o r  of two f o r  s t e e p e r  s l o p e s .  

For a g iven  geometry t h e  form drag  

The previous ly  descr ibed  theory  a p p l i e s  t o  f i n i t e  depth  f l u i d s  o r  

t o  f l u i d s  i n  which t h e  t o p  of the boundary l a y e r  remains a t  a c o n s t a n t  
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l eve l  w i t h  no s h e a r  stress. I f  a small c o n s t a n t  stress i s  imposed a t  t h e  

top  of t h e  boundary l a y e r ,  t h e  r e s u l t s  do n o t  change much. This  theory  

has  been descr ibed  i n  t h e  p r e s e n t  r e p o r t  n o t  as a s o l u t i o n  t o  t h e  problem 

a t  hand b u t  as a s o l u t i o n  t o  a n  analogous problem which should provide  a 

b a s i s  from which t h e  e f f e c t s  of topography on t h e  f r i c t i o n a l  boundary 

l a y e r  under t h e  ice can  b e  a n t i c i p a t e d .  

A second approach has  a l s o  been taken by Smith (1969 and later 

unpublished work). This  theory  traces t h e  development of a t u r b u l e n t  

boundary l a y e r  w i t h  l i n e a r l y  vary ing  eddy v i s c o s i t y ,  over  nonuniform 

topography downstream from a p o i n t  of s e p a r a t i o n .  I n  t h i s  case, any type  

of i n t e r i o r  f low can b e  used t o  c a l c u l a t e  t h e  v e l o c i t y  a t  t h e  top  of t h e  

boundary l a y e r .  Consider ing o n l y  f i r s t - o r d e r  t e r m s ,  t h e  boundary s h e a r  

stress ( s k i n  f r i c t i o n )  i s  g iven  as  

where T~ is t h e  boundary shear  stress, CD i s  t h e  drag  c o e f f i c i e n t  f o r  a 

f l a t  bed of known roughness,  6 i s  t h e  boundary l a y e r  t h i c k n e s s ,  and f J  

and f ,  are weak f u n c t i o n s  of t h e  f l a t  bed d r a g  c o e f f i c i e n t .  For t h i c k  

boundary l a y e r s ,  f 4  << 1 and can b e  neglec ted  and f, is w i t h i n  a few per- 

c e n t  of u n i t y .  It is important  t o  n o t e  t h a t  6 depends upon U b  and aub/ax. 
Thus , t h e  s p a t i a l l y  averaged boundary shear  stress depends upon t h e  e x a c t  

shape of t h e  boundary, and a cons tan t  drag  c o e f f i c i e n t  cannot b e  found. 

This e x p r e s s i o n  a l s o  demonstrates  t h a t  t h e  accelerative e f f e c t s  d e c r e a s e  

wi th  i n c r e a s i n g  f low speed i n  agreement w i t h  measurements such as t h o s e  

of S te rnberg  (1968) .  Unfor tuna te ly ,  t h e  f low speeds a re  low i n  t h e  oceanic  

boundary l a y e r  under t h e  a r c t i c  ice ,  and t h i s  t e r m  i s  important .  A s  w a s  

t h e  case i n  t h e  c o n s t a n t  eddy v i s c o s i t y  theory ,  t h e  form d r a g  can b e  evalu- 

a t e d :  a l though i t  is  very  s e n s i t i v e  t o  t h e  e x a c t  boundary shape,  i t  is  

t y p i c a l l y  several t i m e s  t h e  s k i n  f r i c t i o n  va lue .  This  theory  i s  p r e s e n t l y  

be ing  extended t o  i n c l u d e  second-order e f f e c t s  , and t h e  f i r s  t -order  theory  

is a l s o  be ing  extended t o  three-dimensional boundary l a y e r s .  

A s  p resented  above, zero s h e a r  w a s  assumed a t  t h e  top of t h e  boundary 

This  r e s t r i c t i o n  must b e  re laxed  b e f o r e  t h e  theory  can b e  used i n  l a y e r .  
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t h e  f r i c t i o n a l  boundary l a y e r  problem a t  hand. Never the less ,  t h e s e  r e s u l t s  

show what t o  expect  i n  t h e  measurements and sugges t  how t o  treat t h e  d a t a .  

They a l s o  i n d i c a t e  t h a t  t h e  s p a t i a l l y  averaged boundary shear  stress w i l l  

depend upon t h e  a c t u a l  geometry of t h e  boundary r a t h e r  than on i t s  

s t a t i s t i c s .  The s p a t i a l l y  averaged boundary shear  stress (bU) i s  given by 

r 1 

where 

i s  t h e  form drag  on t h e  boundary, Ab is t h e  area of t h e  a c t u a l  boundary, 

A is  t h e  p ro jec t ed  area of Ab on t h e  xy p lane  which is def ined  t o  be  

paral le l  t o  t h e  mean s u r f a c e  over  t h e  area of i n t e r e s t ,  and pb is t h e  

p r e s s u r e  d i s t r i b u t i o n  on t h e  a c t u a l  boundary. Note t h a t  i f  t h e  topography 

i s  p e r i o d i c ,  t hen  

i n  t h e  i t h  d i r e c t i o n  and - rav/ (eu i )  is unique. 

is n o t  periodic--as is  t h e  case under t h e  ice--A must be  es t imated  from 

t h e  minimum i n  i t s  two-dimensional spectrum, and a unique v a l u e  of 

~ ~ ~ / ( e u g )  may n o t  e x i s t  even i t  a s t a t i s t i c a l  sense .  

arises as  t o  magnitude of t h e  v a r i a t i o n  i n  

ice. I f  over  l a r g e  reg ions  t h i s  v a l u e  i s  reasonably s t a b l e ,  i t  s t i l l  can 

b e  used t o  provide  a n  approximate gene ra l  r e l a t i o n s h i p  between stress and 

c u r r e n t  speed.  However , it  is very  important  t o  e v a l u a t e  t h e  v a r i a b i l i t y  

of t h i s  parameter i f  i t  is t o  be  used i n  t h e  numerical  i c e  deformation 

s t u d i e s ,  f o r  i t  can e a s i l y  in t roduce  a sys t ema t i c  e r r o r  i n  excess  of 220% 

i n t o  t h e  numerical  c a l c u l a t i o n s .  

A = AzAy where Xi is t h e  wavelength of t h e  topography 

However, i f  t h e  topography 

The ques t ion  then  

under t h e  a r c t i c  -rau/(eui) 

For small-amplitude temporal a c c e l e r a t i o n s ,  an  analogous express ion  

can b e  de r ived  f o r  a developing boundary l a y e r .  For a t h i c k  f r i c t i o n a l  

l a y e r  

This  expres s ion  is i n t e r e s t i n g  because i t  shows t h a t  t h e  boundary shear  

stress depends upon t h e  i n t e n s i t y  of t h e  temporal a c c e l e r a t i o n s  as w e l l  
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as on t h e  squa re  of t h e  v e l o c i t y  a t  t h e  t o p  of t h e  boundary l a y e r .  A s  i n  

(2), t h e  second t e r m  on t h e  r i g h t  s i d e  of t h e  equat ion  is  a non l inea r  one 

and does not  average  o u t  when a time average  is taken  even f o r  a harmonic 

a c c e l e r a t i o n .  I n  a d d i t i o n ,  t h i s  expres s ion  demonstrates  t h e  l e s s e n i n g  

impartance of t h e  a c c e l e r a t i v e  e f f e c t  w i t h  i n c r e a s i n g  flow speeds--an o f t e n  

observed f a c t  i n  a tmospheric  drag  c o e f f i c i e n t  measurements. 

Steady,  uniform, c o n s t a n t  eddy v i s c o s i t y  Ekman l a y e r s  are  d iscussed  

i n  most e lementary dynamical meteorology and oceanography t e x t s  ( e . g . ,  

H a l t i n e r  and Mar t in ,  1957, p. 214-215; Neuman and P ie r son ,  1966, p. 1 9 1 f f ) .  

Some work has  been done on unsteady Ekman l a y e r s  (e.g., F a l l o r  and Kaylor ,  

1969) .  A few s t u d i e s  have been made of nonuniform Ekman l a y e r s  (e .g .  , 
Hsueh, 1968) .  However, cons iderably  g r e a t e r  e f f o r t  w i l l  have t o  b e  made 

i n  t h i s  area as p a r t  of t h e  A I D J E X  t h e o r e t i c a l  s t u d i e s  i f  a c c u r a t e  r e g i o n a l  

average  boundary shea r  stresses are t o  b e  c a l c u l a t e d  from t h e  f i e l d  

measurements. 
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A REPORT ON THE 1970 A I D J E X  PILOT STUDY 

L. K. Coachman and J. Dungan Smith 
Department of Oceanography 

U n i v e r s i t y  of  Washington 
S e a t t l e ,  Washing t o n  

(with c o n t r i b u t i o n s  by W. J .  Campbell, W. Deutsch, and E. Flouri;) 

I. INTRODUCTION 

Arctic ice moves and deforms under t h e  i n f l u e n c e  of t h e  a i r  stress 

above and water stress below, whi le  stresses w i t h i n  t h e  i ce  f i e l d  modify t h e  

motion. Although many methods have been employed t o  measure t h e s e  stresses 

and deformation,  w e  do n o t  y e t  know t h e  most s u i t a b l e  method f o r  t h e  purposes  

of A I D J E X .  T h i s  p i l o t  s t u d y ,  a c o l l a b o r a t i o n  between t h e  Polar  Cont inenta l  

Shelf  Project(Department  of Energy, Mines and Resources,  Canada) and t h e  

Department of Oceanography (Univers i ty  of Washington), explored p o s s i b l e  

techniques f o r  measuring water stress on t h e  ice  and ice  deformation.  

Water-stress measurements r e q u i r e  complicated equipment and personnel ;  

t h u s ,  i t  i s  n o t  f e a s i b l e  t o  d i r e c t l y  d e f i n e  t h e  water-stress f i e l d  over  a 

l a r g e  reg ion .  The d i r e c t  stress measurements must be  r e l a t e d  t o  t h e  i n t e r i o r  

oceanic  ve: loci ty  f i e l d ,  so t h a t  over t h e  A I D J E X  r e g i o n  t h e  stress f i e l d  can 

be  i n f e r r e d  from t h e  v e l o c i t y  f i e l d .  

The p o r t i o n  of t h e  i n t e r i o r  v e l o c i t y  f i e l d  which i s  geosr rophic  may, 

i f  s u f f i c i e n t l y  l a r g e ,  be  r e a d i l y  i n f e r r e d  from i t s  c h a r a c t e r i s t i c  a s s o c i -  

a t i o n  w i t h  t h e  i n t e r n a l  d i s t r i b u t i o n  of m a s s .  The r e q u i r e d  measurements are 

those  of temperature  and s a l i n i t y  i n  a number of ve r t i ca l  p r o f i l e s ;  of a l l  

oceanographic measurements, t h e s e  are probably the easiest t o  o b t a i n ,  the 

2nvzis study was supported by Office  of Navy Research Contract 
N-0001~-67-A-0103-002 4 .  
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most r e l i a b l e ,  t h e  most r e a d i l y  r e d u c i b l e ,  and t h e  least  expensive.  

degree t o  which f low i n  t h e  A r c t i c  Ocean i s  i n  geos t rophic  ba lance  i s  not  

known. 

The 

Direct measurement of t h e  i n t e r i o r  f low f i e l d  depends on r e l i a b l e  

c u r r e n t  meters. A number of cho ices  are a v a i l a b l e ,  b u t  t h e  meter b e s t  s u i t e d  

t o  AIDJEX must b e  s e l e c t e d  only  a f t e r  ex tens ive  t e s t i n g  under a r c t i c  condi- 

t i o n s .  Furthermore,  proper  h o r i z o n t a l  and v e r t i c a l  spacing of t h e  c u r r e n t  

meters must b e  thoroughly explored s o  t h a t  t h e  i n t e r i o r  f low f i e l d  can  be 

mapped adequate ly  f o r  t r a n s l a t i n g  the  d i r e c t  stress measurements i n t o  a 

stress f i e l d  under t h e  i c e .  

11. SCIENTIFIC PROJECTS 

The fo l lowing  s p e c i f i c  p r o j e c t s  were o u t l i n e d  f o r  t he  p i l o t  s tudy .  

A. Boundary Layer S tud ie s  

Measurement of t h e  time-dependent v e l o c i t y  and Reynolds stress f i e l d s  

i n  t h e  nonuniform t u r b u l e n t  boundary l a y e r  under t h e  ice w a s  planned u t i l i z i n g  

t h e  mechanical c u r r e n t  meters developed by E. J.  Klink and J .  Dungan Smith 

f o r  boundary l a y e r  s t u d i e s  i n  r i v e r s  and e s t u a r i e s .  This  method employs 

meters mounted i n  or thogonal  t r i p l e t s  a long t h e  normal t o  t h e  boundary. 

Deployment of t h e  in s t rumen ta t ion  by d i v e r s  w a s  t o  be t e s t e d ,  as  were va r ious  

methods of mounting t h e  c u r r e n t  meters. Mean f low a t  s e l e c t e d  dep ths  w i t h i n  

and below t h e  boundary l a y e r  w a s  t o  be  measured wi th  convent iona l  c u r r e n t  

meters and with a t r i p l e t  of t h e  Klink and Smith c u r r e n t  meters held by a 

movable frame. Under-ice topography w a s  t o  be  mapped i n  the  v i c i n i t y  of t h e  

ins t rument  mast by d i v e r s ,  as  the  boundary geometry i s  of c r i t i c a l  importance 

i n  boundary-layer s t u d i e s .  
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B. Current  Measureme- 

A ver t i ca l  a r r a y  of c u r r e n t  meters f o r  t h e  d u r a t i o n  of t h e  experiment 

w a s  planned a t  t h e  fo l lowing  depths :  

10 m ,  w i t h i n  Ekman l a y e r  
40 m ,  below Ekman layer /above  pycnocl ine 

150 m,  i n  pycnocl ine 
500 m ,  i n  A t l a n t i c  l a y e r  

Frequent f i x e s  us ing  t h e  Decca-Lambda system of PCSP would e l i m i n a t e  i c e  

motion from t h e  c u r r e n t  meter r e c o r d s .  

be  recorded f r e q u e n t l y ,  w h i l e  those  a t  t h e  s a t e l l i t e  s t a t i o n s  were t o  be  

taken dur ing  h e l i c o p t e r  o v e r f l i g h t s .  S p a t i a l  coherence of t h e  h o r i z o n t a l  

c u r r e n t s  a t  1 - m i l e ,  1 0 - m i l e ,  and 20-mile s e p a r a t i o n s  w a s  t o  be  i n v e s t i g a t e d  

by p a i r e d  c u r r e n t  meters a t  a depth  of 40 meters, set o u t  a t  a p p r o p r i a t e  

s a t e l l i t e  s t a t i o n s  from t h e  main camp. 

Readings a t  t h e  main camp were t o  

C. Gradien t  Curren t  Measurement 

To measure t h e  approach t o  geostrophy of t h e  f low,  synopt ic  hydrographic 

casts  w e r e  planned t o  500 m a t  t h r e e  s t a t i o n s  spaced i n  a t r i a n g l e  w i t h  l e g s  

of a p p r o x h a t e l y  1 0 ,  20, and 30 km. The casts  were t o  b e  made a t  4-hour 

i n t e r v a l s  f o r  about  one week whi le  t h e  c u r r e n t  meters w e r e  o p e r a t i n g .  

D .  Ice Deformation Measurement 

The Decca-Lambda n a v i g a t i o n  system w a s  t o  be  used f o r  f r e q u e n t  posi-  

t i o n i n g  of t h e  two s a t e l l i t e  s t a t i o n s  as w e l l  as of t h e  main s t a t i o n ,  s o  t h a t  

t h e  deformation of t h e  t r i a n g l e  could be  fol lowed.  For more p r e c i s e  measure- 

ment of d i s t a n c e s  between p o i n t s ,  i t  w a s  planned t o  test 10-cm wave-length 

microwave t e l l u r o m e t e r s .  
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111. LOGISTICS 

The P o l a r  Cont inenta l  Shelf  P r o j e c t  provided t h e  primary l o g i s t i c a l  

support  from t h e i r  base  camp a t  Tuktoyaktuk, Northwest T e r r i t o r i e s .  The 

p i l o t  s tudy  p a r t y  e s t a b l i s h e d  i t s  main camp on a n  ice  f l o e  approximately 

240 m i l e s  n o r t h  of  Tuktoyaktuk, w i t h i n  t h e  Canadian hydrographic survey 

camp (Camp 200), where two h e l i c o p t e r s  w e r e  s t a t i o n e d .  Routine communication 

wi th  Tuktoyaktuk w a s  maintained by r a d i o  and Otter a i r c r a f t .  

f u e l ,  housing,  and g e n e r a t o r s  came from t h e  PCSP s t o r e s .  

All food, 

Fuel! requi rements  included t h e  fol lowing:  d i e s e l  f o r  one g e n e r a t o r  

and f o r  space h e a t e r s  i n  t h e  l i v i n g  q u a r t e r s ;  automotive g a s  f o r  Herman- 

Nelson h e a t e r s ,  hydrographic winches, and two g e n e r a t o r s ;  whi te  gas  (naptha)  

f o r  Coleman s t o v e s ,  l a n t e r n s ,  and blow t o r c h e s ;  g a s - o i l  mix f o r  snow v e h i c l e s  

and c h a i n  s a w s ;  and turbo  f u e l  f o r  h e l i c o p t e r s .  

* P a r c o l l s  served t o  house t h e  p a r t y :  two 4-sec t ion  P a r c o l l s  f o r  f i v e  

One of  t h e  l a r g e r  men each; and one o l d ,  much smaller P a r c o l l  f o r  two men. 

P a r c o l l s  a l s o  served t h e  d i v e r s  as a d r e s s i n g  s t a t i o n  and a s  housing f o r  

t h e  compressor which f i l l e d  t h e i r  t anks .  

To house t h e  r e s e a r c h  equipment and work, PCSP s t o r e s  provided t h e  

fo l lowing:  one o l d ,  small P a r c o l l ,  w i t h  space h e a t e r ,  f o r  e l e c t r o n i c  i n s t r u -  

mentat ion;  one longhouse t e n t ,  w i t h  space h e a t e r ,  f o r  c u r r e n t  meter assembly 

and o t h e r  mechanical work (on winches,  c o r e r ,  c h a i n  s a w s ,  c a b l e  s p l i c i n g ) ;  

two l ' igloo" t e n t s  f o r  s t o r i n g  equipment; and t h r e e  pyramid 10 x 10 t e n t s  

f o r  hydrographic s t a t i o n s .  

Except f o r  t h e  evening m e a l ,  which w a s  shared wi th  t h e  Canadian p a r t y  

i n  t h e i r  mess P a r c o l l ,  a l l  meals w e r e  prepared on Coleman s t o v e s  i n  t h e  

l i v i n g  u n i t s .  

(*) A P a r c o l l  i s  a modern v e r s i o n  of a Jamesway h u t .  The boxes, s e c t i o n  by 
s e c t i o n  (each s e c t i o n  4 fee t  wide) ,  are opened t o  make a f l o o r .  Semi- 
c i r c u l a r  s e c t i o n s  of aluminum p i p e  clamp on t h e  edges t o  form a h a l f -  
round s t r u c t u r e ,  over  which i n s u l a t e d  b l a n k e t  s t r i p s  are t i e d .  Separa te  
end walls c o n t a i n  a s t o v e  p i p e  o u t l e t  and a door w i t h  v e s t i b u l e .  
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The g e n e r a t o r s  descr ibed  below suppl ied  power: 

1. one 5-kw d i e s e l  g e n e r a t o r ,  €o r  t h e  workshop P a r c o l l  and longhouse 

t e n t ,  and €or  l i g h t s  i n  one l i v i n g  P a r c o l l .  T h i s  g e n e r a t o r  w a s  housed 

i n  a longhouse t e n t ( a b o u t  300 yards  from t h e  e l e c t r o n i c s  P a r c o l l )  

w i t h  a 3-kw d i e s e l  g e n e r a t o r  which suppl ied  t h e  Canadian p a r t y  w i t h  power 

f o r  l i g h t s  and r a d i o  g e a r .  

2. one 4-kw g a s o l i n e  g e n e r a t o r ,  used e x c l u s i v e l y  f o r  running t h e  d i v i n g  

a i r  compressor. 

3.  one 1-kw p o r t a b l e  g a s o l i n e  g e n e r a t o r  f o r  t h e  SIPRE c o r e r ,  which w a s  

d r i v e n  by a 1" e lec t r i c  d r i l l  motor. 

I V .  EQUIPMENT AND PROCEDURES 

A .  I n t e r i o r  Flow F i e l d  Measurements 

1. x d r o g r a p h i c  S t a t i o n s .  A t  each of t h r e e  hydrographic s t a t i o n s ,  

t e n  Nansen b o t t l e s  equipped w i t h  two p r o t e c t e d  r e v e r s i n g  thermomenters each,  

p l u s  t h r e e  unprotected thermometers, were i n s t a l l e d ,  as were such a n c i l l a r y  

equipment as l o g  s h e e t s ,  messengers,  thermometer r e a d e r ,  t o o l  k i t ,  and sample 

b o t t l e s .  Nansen b o t t l e s  were h e l d  i n  two 5 - b o t t l e  c o l l a p s i b l e  aluminum racks  

designed t:o hold t h e  b o t t l e s  i n  t h e  warmth of t h e  upper p a r t  of t h e  hydro- 

graphic  t e n t .  

and S t r a t t o n  engines  and holding 750 m of 3/32" hydrographic c a b l e .  

w e r e  Hydro Products  winches, wi th  metal removed from frame t o  reduce t o t a l  

weight t o  about 120 pounds.) S i x  f e e t  of f l e x i b l e  exhaust  p i p e  allowed t h e  

winches t o  be  placed i n  t e n t s .  A meter wheel w s s  hung from a t r i p o d ,  two 

l e g s  of which w e r e  mounted on t h e  winch frame, t h e  t h i r d  l e g  s t r a d d l i n g  

t h e  hydro ho le .  

The racks  were lowered by small winches powered by 3-hp Briggs 

(These 

2. Current  Meters. Three types  of c u r r e n t  meters were deployed: - 
Braincon model 316 Histogram 
Braincon model 381 Histogram 
Braincon model 573 d i g i t a l .  
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3 .  - Hole Cut t ing .  One h o l e  approximately 8 x 8 f e e t  through 11 f e e t  of 

ice  w a s  c u t  a d j a c e n t  t o  t h e  main camp. Chain saws and ice  c h i s e l s  were used 

t o  c u t  b locks  from t h e  upper 10 f e e t .  A Herman-Nelson h e a t e r  provided v e n t i -  

l a t i o n  of chain-saw fumes, a n e c e s s i t y  when t h e  h o l e  became deeper  than  

about  f i v e  f e e t .  The bottom one f o o t  of ice  w a s  blown w i t h  C I L  60% Geogel, 

and t h e  p i e c e s  mucked o u t  by shovel .  

ice c h i s e l  o r  c h a i n  s a w .  

The h o l e  w a s  reopened f r e q u e n t l y  by 

Numerous h o l e s  w e r e  d r i l l e d  through t h e  main f l o e  (ranging from 10 t o  

22 f e e t )  w i t h  a 4 lV SIPRE c o r e r ,  powered by a 1." e lec t r i c  d r i l l  motor and 

1-kw p o r t a b l e  g e n e r a t o r .  

A t  t h e  two hydrographic s a t e l l i t e  s t a t i o n s  and one c u r r e n t  meter s t a t i o n ,  

h o l e s  through approximately s ix  f e e t  of ice  were opened as fo l lows .  A f t e r  

ice t h i c k n e s s  w a s  t e s t e d  w i t h  a 1" hand auger ,  t h e  2 x 2 f o o t  h o l e s  were 

o u t l i n e d  w i t h  SIPRE c o r e r  h o l e s  bored t o  w i t h i n  6 t o  8 inches  of  t h e  bottom 

of t h e  i c e ,  i n d i c a t e d  by t h e  increased  s a l t  c o n t e n t  of t h e  bor ings .  A c e n t r a l  

h o l e  w a s  bored through and blown wi th  a charge of Geogel placed j u s t  below 

t h e  i ce  blottom. Mucking w a s  by shovel  and ice  tongs.  

B. Boundary Layer S t u d i e s  

A s i n g l e  downward-facing m a s t  w a s  employed as a n  instrument  frame. The 

mast w a s  a t t a c h e d  t o  t h e  i ce  by a b r a c k e t  f i t t e d  i n t o  a SIPRE c o r e  h o l e  and 

s e r v i c e d  by d i v e r s  working through t h e  l a r g e  h o l e  20 m d i s t a n t .  This  

ins t rument  mast c o n s i s t e d  of e i g h t  10-foot s e c t i o n s  of 3 / 4 "  O.D.  th ick-wall  

s t a i n l e s s  steel tub ing .  A t  t h e  end of each s e c t i o n ,  a 6- inch h a l f - c y l i n d r i c a l  

p i e c e  of t h e  tubing had been removed and a s t a i n l e s s  steel p l a t e  1/4" t h i c k ,  

1 1 / 2 "  wide, and about  12" long  welded i n  i t s  p l a c e .  The overhanging s e c t i o n s  

of t h e s e  p i e c e s  of 1 / 4 "  f l a t  s t o c k  were d r i l l e d  s o  t h a t  they  could be  a t t a c h e d  

t o g e t h e r  w i t h  t h r e e  5/16" s t a i n l e s s  s teel  b o l t s  t o  hold t h e  frame t o g e t h e r  

r i g i d l y .  

a c r o s s  a l l  s e c t i o n s  of t h e  frame p a r a l l e l  t o  i t s  axis;  t h i s  provided a means 

f o r  o r i e n t i n g  any p i e c e  of equipment a t t a c h e d  t o  t h e  frame. 

Each j o i n t  w a s  numbered, and a shal low s l o t  w a s  m i l l e d  cont inuous ly  

The m a s t  w a s  l o c a t e d  i n  a n  area w i t h  less  than  25 cm r e l i e f  w i t h i n  a 

r a d i u s  of 10  m.  

mapped by t h e  d i v e r s .  An a p p r o p r i a t e  g r i d  of l i n e s  w a s  f i x e d  t o  t h e  unders ide  

The topography i n  a 4 0  m square  c e n t e r e d  on t h e  m a s t  w a s  
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of t h e  ice, and a p r e s s u r e  t ransducer  mounted on a buoyant underwater sled 

w a s  pushed s t e a d i l y  around t h e  g r i d .  A s t r i p - c h a r t  r eco rde r  recorded 

pressures; .  

The c u r r e n t  meters were designed t o  measure v e l o c i t y  component f l u c t u -  

a t i o n s  f r 0 m d . c .  t o  10 Hz wi th  1% accuracy.  Moreover, t h e  senso r s  w e r e  

designed t o  be s m a l l  b u t  rugged, t o  have a low th re sho ld  v e l o c i t y ,  and t o  

be s u f f i c i e n t l y  inexpens ive  t o  permit  s imultaneous u s e  of many of them. 

These c r i te r ia  were s a t i s f i e d  by a n e u t r a l l y  buoyant impel lor  w i th  a h o r i z o n t a l  

a x i s  of 3.5 c m ,  encaged i n  a w i r e  frame (Figure  1). The impel lor  i s  moulded 

around a s t a i n l e s s  s t ee l  s h a f t  which is  a t t ached  t o  the  w i r e  frame by water- 

l u b r i c a t e d  jeweled bea r ings  mounted on s t a i n l e s s  steel rods .  Each of t h e s e  

rods  pas ses  through a h o l e  i n  a f a r e d  suppor t  on t h e  end of t h e  w i r e  frame. 

These f a r e d  suppor t s  g r i p  t h e  bear ing  mounts t i g h t l y  wi th  l i t t l e  w i r e  f i n g e r s  

and hold them i n  p l ace .  The w i r e  cage i s  supported by a 3/8" s t a i n l e s s  s teel  

tube  which c o n t a i n s  a l l  t h e  underwater components of t h e  e l e c t r o n i c s  system. 

This  tube ,  i n  t u r n ,  i s  gr ipped  by a P .V.C .  mounting block t h a t  a l s o  a t t a c h e s  

t o  t h e  3 /4"  s t a i n l e s s  steel m a s t .  

Ro ta t ions  of t h e  impel lor  are picked up by a p h o t o e l e c t r i c  system mounted 

a t  the  base  of t h e  3/8" diameter  suppor t  rod .  A s  t h e  r o t o r  t u r n s ,  l i g h t  from 

a lamp mounted a t  t h e  c e n t e r  of t h e  suppor t  rod base  i s  r e f l e c t e d  back from 

a m i r r o r  on t h e  r o t o r  f i r s t  t o  one of two photodiodes mounted l a t e r a l  t o  t h e  

lamp on t h e  base  and then  t o  t h e  o t h e r .  These photodiodes are wired i n  series 

wi th  oppos i t e  p o l a r i t y  so  t h a t  a d i p u l s e  is produced; t h e  d i r e c t i o n  of r o t a -  

t i o n  i s  g iven  by determining whether t h e  nega t ive  o r  t h e  p o s i t i v e  ha l f  of the  

d i p u l s e  comes f i r s t .  The c u r r e n t  speed i s  p ropor t iona l  t o  t h e  d i p u l s e  

f requency.  A s  t h e  photodiodes are high-impedence dev ices ,  an  emitter fo l lower  

i s  mounted i n  t h e  suppor t  rod t o  match the  impedence of t he  t ransmiss ion  cab le .  

The power l e a d s ,  +12 v o l t s  and -12 v o l t s ,  are common t o  a l l  meters and a re  

used t o  power t h e  photodiodes,  emitter fo l lowers ,  and lamps .  A s i g n a l  l ead  

and two power l e a d s  are r equ i r ed  f o r  each probe. A j u n c t i o n  box i s  s i t u a t e d  

about  4 ni from t h e  probes;  from t h i s  p o i n t  t o  t h e  s u r f a c e  t h e r e  i s  one 

s i g n a l  and two power l e a d s  f o r  each c u r r e n t  meter. The s i g n a l  l e a d s  are 

sh ie lded , ,  and t h e  s h i e l d s  are grounded a t  t h e  su r face .  To avoid ground loops ,  

t h e s e  s h i e l d s  are n o t  connected t o  sea water ground a t  the  meter end of t h e  w i r e .  
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Figure  1. Current  
meter probe. 
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Two types  of m i r r o r  c o n f i g u r a t i o n s  on t h e  impe l lo r s  are g e n e r a l l y  used. 

The f i r s t  k ind  employs a c i r c u m f e r e n t i a l  band around t h e  impel lor  on which 

20 m i r r o r s  are mounted p a r a l l e l  t o  t h e  a x i s  of r o t a t i o n .  

employs a f i x e d  band mounted on t h e  w i r e  cage,  w i th  t h e  m i r r o r  a t t a c h e d  t o  

t h e  ends of t h e  r o t o r  b l ades .  

f requency r e s o l u t i o n  i n  tu rbu lence  s t u d i e s ,  b u t  t h e  impel lor  has  a lower 

e f f e c t i v e  Reynolds number and t h e r e f o r e  a h igher  t h re sho ld  v e l o c i t y  (about 

2 .5  cm/sec>.  The second c o n f i g u r a t i o n  s a c r i f i c e s  f requency response  f o r  a 

lower th re sho ld  v e l o c i t y  (somewhat less than  0.9 cm/sec) and a more n e a r l y  

c o s i n e  response  w i t h  ang le  of a t t a c k .  Removal of t he  c i r c u m f e r e n t i a l  band 

mounted on the  frame l e a d s  t o  an unacceptab le  response a t  low a n g l e s  of 

a t t a c k .  I t  should be  noted h e r e  t h a t  a r o t o r  i n  a c i r c u l a r  d u c t ,  even a 

s h o r t  d u c t ,  has  a mul t iva lued  response wi th  ang le  of a t t a c k  i n , a  g iven  quad- 

r a n t  which makes c a l c u l a t i o n  of t h e  a c t u a l  v e l o c i t y  components impossible  i f  

on ly  t h r e e  c u r r e n t  meters are used a t  each p o i n t .  

unducted r o t o r  g i v e s  v a l u e s  which are too  low a t  h igh  a n g l e s  of a t t a c k .  

The second kind 

The f i r s t  c o n f i g u r a t i o n  pe rmi t s  b e t t e r  

On t h e  o t h e r  hand, an  

I n  r i v e r  and e s t u a r y  s t u d i e s ,  t h e  banded r o t o r s  are used t o  o b t a i n  

maximum informat ion  on t h e  turbulence .  I n  t h e s e  s i t u a t i o n s ,  mean v e l o c i t i e s  

range from1 50 t o  100 cm/sec, and t h e  h igher  th reshold  speed a s s o c i a t e d  wi th  

t h e  banded r o t o r s  is  no t  a problem. On t h e  o t h e r  hand, unbanded r o t o r s  are 

b e t t e r  s u i t e d  f o r  t h e  kind of experiments descr ibed  i n  t h i s  r e p o r t  because 

of t h e  lower th re sho ld  speed. However, because t h e r e  were n e i t h e r  enough 

unbanded r o t o r s  a v a i l a b l e  nor  enough funds t o  c o n s t r u c t  new ones ,  t h i s  

s tudy  used banded r o t o r s .  They w e r e  s a t i s f a c t o r y  f o r  measurements made 

dur ing  s to l rms ,  b u t  they  were only  marginal  a t  b e s t  a t  o t h e r  t imes.  Any 

f u t u r e  s t u d i e s  should use  unbanded r o t o r s .  

F i f t e e n  banded c u r r e n t  meters were a t t ached  o r thogona l ly  t o  t h e  main 

frame i n  f i v e  groups of t h r e e .  The groups were placed 1 .26 ,  2.33, 9.08, 

14 .0 ,  and 17.7 m below t h e  base  of t h e  ice. E l e c t r i c a l  s i g n a l s  were t r ans -  

m i t t e d  t o  t h e  ins t ruments  through a s p e c i a l  1000' c a b l e  made by IT&T f o r  

a r c t i c  cond i t ions .  The main frame w a s  s e rv i ced  by two such c a b l e s .  Each 

had n i n e  s i g n a l  l e a d s  and two power l e a d s  and r a n  from t h e  instrument  c h a s s i s  

t o  a junct: ion box. On t h e  o t h e r  s i d e  of  each of t h e s e  two j u n c t i o n  boxes 

w e r e  t h r e e  4m c a b l e s ;  t o  t h e  end of each of t h e s e  w e r e  s p l i c e d  t h r e e  18" 

Marsh Marine connec tors .  Eighteen c u r r e n t  meters could have been a t t ached  
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t o  t h e  two c a b l e s ;  however, t h r e e  c u r r e n t  meters d id  n o t  work, so  a 4m c a b l e  

w a s  removed from one of t h e  j u n c t i o n  boxes and t h e  h o l e  w a s  plugged wi th  a 

s tandard  p i p e  plug.  A t h i r d  IT&T c a b l e  was a t t ached  t o  a t h i r d  j u n c t i o n  

box from which two of t h e  t h r e e  4m c a b l e s  had been removed. This  c a b l e  w a s  

used i n  con junc t ion  wi th  t h r e e  c u r r e n t  meters mounted o r thogona l ly  on a w i r e  

lowered frame . 
A t  t h e  s u r f a c e ,  t h e  c a b l e  connec ts  t o  a 15-channel ins t rument  c h a s s i s .  

The f i r s t  p a r t  of t h i s  u n i t  i s  e s s e n t i a l l y  a power-supply c h a s s i s ;  t h e  second 

p a r t  p rocesses  t h e  c u r r e n t  meter d a t a  i n  t h e  f i e l d .  The system a c c e p t s  t h e  

i n p u t  d i p u l s e  s i g n a l s  from any 15 of t h e  18 c u r r e n t  meters, then  processes  

t h e  s i g n a l  by ampl i fy ing  and c l i p p i n g  u n t i l  a h igh-qual i ty  square  wave 

d i p u l s e  r e s u l t s .  This  d i p u l s e  e n t e r s  t h e  decoding s e c t i o n ,  which g i v e s  posi-  

t i v e  o r  nega t ive  p u l s e  of cons t an t  width on one of two l i n e s  depending upon 

t h e  p o l a r i t y  of t h e  s i g n a l .  The l o g i c  i s  designed t o  reject  any degraded 

s i g n a l .  F i f t e e n  p a i r s  of l i g h t s  on t h e  f r o n t  panel  of t h e  c h a s s i s  denote  

t h e  p o l a r i t y  of t h e  s i g n a l  on each channel ;  t h e  l a c k  of a p o l a r i t y  l i g h t  on 

any channel  denotes  below-threshold c u r r e n t s ,  an  improperly func t ion ing  

r o t o r ,  o r  some e lectr ical  problem i n  t h a t  channel .  Also,  a horn can be  made 

t o  sound when a channel  s h u t s  down, and a pen on a 20-channel event  r eco rde r  

is  t r i g g e r e d  and runs  f o r  t h e  t i m e  t h a t  t h e  channel i s  o u t  of o r d e r .  

Because a ve ry  exac t ing  c r i t e r i o n  f o r  o p e r a t i o n  is  set ,  t h e s e  systems 

ensu re  t h a t  the  d a t a  being processed and recorded on an  f.m. t ape  r eco rde r  

are v a l i d  and r e p r e s e n t  a c t u a l  measurements of c u r r e n t s  t o  b e t t e r  than 1% 

accuracy.  The e n t i r e  system uses  p u l s e  c i r c u i t r y ,  thereby  circumventing 

d . c .  d r i f t  problems. The p u l s e s  from t h e  decoder and l o g i c  s e c t i o n s  are 

f ed  t o  (1) an  analog rate meter wi th  a 40 db/decade r o l l  o f f - s e t  a t  an  

f o  of 0.25 sec and (2) one of two analog i n t e g r a t o r s  which e f f e c t i v e l y  count  

p u l s e s  f o r  1000 sec 210 m s e c ,  g iv ing  a 1000-second incrementa l  average.  

The two i n t e g r a t o r s  per  channel  are used a l t e r n a t e l y  so  t h a t  no d a t a  are 

l o s t  dur ing  the  t i m e  i t  t a k e s  t o  read  the  averages  on t h e  15 channels .  

Although t h e  c a r d s  f o r  t h e  system had a l l  been checked p r i o r  t o  t h e  

Arctic t r i p ,  t h e  main c h a s s i s  

u n t i l  t h e  day w e  l e f t  S e a t t l e  

Camp-200. When i t  w a s  turned 

i n t o  which t h e s e  c a r d s  f i t  w a s  no t  f i n i s h e d  

and could no t  be checked u n t i l  a r r iva l  a t  

on,  a poor ly  designed 24-volt  power supply 
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overhea ted ,  blew o u t  i t s  r e g u l a t i o n  s e c t i o n ,  and then  p u t  more than  40 v o l t s  

on a l l  t h e  c i r c u i t s  o r i g i n a l l y  designed f o r  24 v o l t s .  When t h e  power supply  

went o u t ,  i t  took wi th  i t  t h e  d i g i t a l  c lock  which c o n t r o l l e d  t h e  i n t e g r a t o r  

and l o g i c  s e c t i o n s ,  as w e l l  a s  t h r e e  i n t e g r a t o r  c a r d s .  Because so many of t h e  

c l o c k  components were burned o u t  t h a t  i t  could no t  be f i x e d  a t  Camp-200, 

a scheme w a s  devised  t o  r e p l a c e  t h e  c lock  w i t h  a l a b o r a t o r y  t i m e r .  

t h i s  p l a n  could be  r e a l i z e d ,  t h e  e l e c t r o n i c s  engineer  became ill and had t o  

be flown t:o a h o s p i t a l  a t  Inuvik .  A t  t h i s  p o i n t  our  on ly  hope w a s  t o  record  

t h e  r a w  d a t a  on t h e  Pemco f.m. t a p e  r eco rde r  and p rocess  i t  a f t e r  r e t u r n i n g  

t o  Seatt le.  

Before 

F i n a l l y ,  t h e  power supply  s e c t i o n  of t h e  c h a s s i s  w a s  d i sconnec ted  from 

t h e  rest  of t h e  system and rewired so t h a t  t h e  i n p u t  s i g n a l s  could be 

recorded d . i r e c t l y  on t ape .  A storm came up a few hours  be fo re  t h i s  r ewi r ing  

job  w a s  f i .n i shed ,  so d i r e c t  r eco rd ing  of t h e  storm-induced v e l o c i t i e s  i n  t h e  

boundary l a y e r  began as soon as  the  system was ready t o  use .  All 15 c u r r e n t  

meters were o p e r a t i n g ,  and 45 t a p e s  of r a w  d a t a  were recorded a t  7 1 / 2  i p s .  

These t a p e s  inc luded  t h e  rest of t h e  storm and s e v e r a l  qu ie scen t  hours of 

d a t a  a f t e r  t h e  storm. Recording w a s  stopped when t h e  c u r r e n t s  dropped below 

t h e  thresh.old of a l l  b u t  the bottom two c u r r e n t  meters. Because of the 

problems wi th  t h e  d a t a  a n a l y s i s  c h a s s i s  (which have on ly  r e c e n t l y  been 

r e c t i f i e d ) ,  on ly  a c rude  p i c t u r e  of t he  flow i n  t h e  boundary l a y e r  under 

t h e  i ce  can  be  r e c o n s t r u c t e d  a t  t h e  p r e s e n t  t i m e .  
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V. PRELIMINARY RESULTS 

A. Gradient  Curren ts  

One 3 - s t a t ion  and n i n e  2 - s t a t i o n  synop t i c  c a s t s  were obta ined .  

The fo l lowing  i s  a summary of hydrographic  s t a t i o n  c a s t  times. 

Hydrographic S t a t i o n s  
c-200 - Leo Aquarius 

March 24 1330 
1630 

March 26 1030 
1330 
1630 

March 27 

March 29 

March 30 

1030 
1330 
1630 

1030 
1330 
1630 

1030 
1335 

1430 1330 

1030 

1630 

1030 
1330 
1630 

1030 
1330 
1630 

1030 

B. Curren t  Measurements 

Poor r e s u l t s  are  a v a i l a b l e  from t h e  current-meter  r eco rds ,  l a r g e l y  

because of equipment mal func t ion .  

The o ld  Braincon mod. 316 his togram meters are s t i l l  t h e  mos t  r e l i a b l e ,  

b u t  they  have seen  heavy use  f o r  over  f i v e  yea r s  and are  not  so a b s o l u t e l y  

dependable as they  were when new. Never the less ,  w i th  proper  maintenance 

t h e s e  meters  should cont inue  t o  produce r e l i a b l e  r e s u l t s .  

The smaller Braincon mod. 381 his togram meters do no t  o p e r a t e  depen- 

dably  i n  water co lde r  t han  OOC. 

e x t e n s i v e l y  t e s t e d  i n  co ld  rooms t o  -20°C, bu t  appa ren t ly  t h i s  does no t  

completely test t h e  c lock-dr ive  mechanism (where a l l  t he  f a i l u r e s  occurred)  

f o r  u s e  under f i e l d  cond i t ions .  

They d id  o p e r a t e  s a t i s f a c t o r i l y  when 

The Braincon mod. 573 d i g i t a l  meters are of a new des ign .  They 

recorded speeds we l l . ,  b u t  they d i d  not  record  d i r e c t i o n  when placed i n  t h e  

19 



water, a l though they  worked p rope r ly  both  b e f o r e  and after immersion. 

The external--and much of t h e  in te rna l - -des ign  appears  good, so f u r t h e r  

work by Braincon and f u r t h e r  f i e l d  t e s t i n g  seem i n d i c a t e d .  

Following i s  a summary of meters ( i d e n t i f i e d  by Braincon model 

number). ti& te m e w r e  c u r r e n t s  a t  t h e  s p e c i f i e d  hydrographic  s t a t i o n s .  

An a s t e r i s k  i n d i c a t e s  meters which recorded speed only.  DNR means t h e  

meter d i d  n o t  run.  

Hydrographic S t a t i o n s  - 
Depth c-200 P i s c e s  - Leo Aquarius 

a381 
lo (14 days)  

8316 #381 #573* /I381 

#573* /I381 11381 /I381 
(14 days)  DNR DNR DNR 

(2 days) (7 days) (8 days)  (3  days) 
40 m 

a316 
150 (14 days)  

H381 
DNR 500 m 

C.  Diving Operat ions 

1. General.  The problems encountered dur ing  d iv ing  o p e r a t i o n s  on 

a rc t ic  sea ice  w e r e  similar t o  those  encountered elsewhere.  However, t h e  

s o l u t i o n  t o  a problem can be more involved i n  t h e  A r c t i c  because of t h e  

s c a r c i t y  o r  u n a v a i l a b i l i t y  of replacement p a r t s  and materials. 

t a s k s ,  such as measuring o r  assembling equipment, can e a s i l y  t a k e  two o r  

t h r e e  t i m e s  a s  long because of  weather cond i t ions  and t h e  novel ty  of t h e  

s i t u a t i o n .  

Even s imple 

The d iv ing  o p e r a t i o n  w a s  se t  up so  t h a t  i t  could be c u r t a i l e d  i f  

weather cond i t ions  became unbearable  o r  i f  t h e  s tandard  d iv ing  equipment 

proved inadequate .  Fo r tuna te ly ,  n e i t h e r  w a s  t h e  case. The a i r  temperature  

r a r e l y  went below -25OF on t h e  day of a d i v e ,  and even wi th  a 10-knot 

t h e  d i v e r s  could e a s i l y  g e t  t o  t h e  d iv ing  ho le .  The f a c t o r s  which w e  

wind 
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b e l i e v e  c o n t r i b u t e d  t o  ou r  success  were: 

whi le  s u i t i n g  up, and (b) having a s h o r t ,  15-meter, d i s t a n c e  t o  go from 

t h e  d iv ing  h u t  t o  t h e  d iv ing  ho le .  I n  f a c t ,  so much body h e a t  w a s  b u i l t  

up i n  g e t t i n g  i n t o  t h e  w e t s u i t s  and t h e  o t h e r  d i v i n g  gea r  t h a t  i t  was a 

r e l i e f  t o  e n t e r  t h e  water. The temperature  of t h e  water w a s  approximately 

28'F. 

d iv ing  ope ra t ions .  The d i v e r s  a t  f i r s t  t r i e d  a d d i t i o n a l  rubber  f a c e  

p r o t e c t o r s  which l e f t  no p a r t  of t h e  f a c e  i n  d i r e c t  c o n t a c t  w i th  t h e  water; 

however, c o n d i t i o n s  proved good enough t h a t  t h e s e  a c c e s s o r i e s  were d iscarded .  

(a )  being i n  a warm d iv ing  hu t  

With s t anda rd  d iv ing  gea r  t h i s  temperature  w a s  n o t  too low f o r  

Because i t  i s  so easy  t o  imagine t h e  worst  occur r ing  beneath t h e  i c e ,  

t h e  p o s s i b i l i t y  of c l aus t rophob ia  and panic  concerned u s  be fo re  t h e  d iv ing  

began. F o r t u n a t e l y ,  t h i s  concern w a s  no t  r e a l i z e d ;  t h e  d i v e r s  were no t  

a f r a i d  under t h e  ice. There might have been g r e a t e r  cause f o r  worry had 

t h e  water been less c l e a r  o r  t h e  c u r r e n t s  s t r o n g e r .  Poss ib ly  t h e  f e a r  was 

subconscious and w a s  r e f l e c t e d  i n  inc reased  air consumption. Our a i r  

supply was consumed much fas ter  than  i s  normal--twice as f a s t  as i n  Puget 

Sound, f o r  example. However, t h i s  might be a t t r i b u t e d  t o  two o t h e r  f a c t o r s .  

F i r s t ,  t h e  d i v e r s  d id  more than  a normal amount of manual labor  (car ry ing  

in s t rumen t s ,  s ecu r ing  c u r r e n t  meters, e t c . ) ;  second, t h e  r e s p i r a t i o n  ra te  

had t o  i n c r e a s e  t o  r e p l a c e  t h e  h e a t  energy being l o s t  t o  t he  co lde r  water. 

Aftler t h e  i n i t i a l  c h i l l  upon e n t e r i n g  t h e  water, t he  d i v e r ' s  body 

ad jus t ed  r a p i d l y  and he  could c a r r y  o u t  h i s  work. 

i n  t h e  f i r s t  15-20 minutes  t o  handle  screws and b o l t  o r  make measurements; 

however, a f t e r  20 minutes  a d i v e r ' s  hand r e a l l y  s t a r t e d  f e e l i n g  the  cold as 

he l o s t  h e a t  t o  t h e  water, and manual d e x t e r i t y  decreased d r a s t i c a l l y .  

Dives w e r e  l i m i t e d  t o  25 minutes  because of t h i s ,  and a l s o  because of t h e  

r a p i d l y  d e p l e t i n g  a i r  supply.  Genera l ly ,  a f t e r  a 25-minute d ive ,  800 p s i  

remained i n  twin 53-cubic-foot tanks  t h a t  had been f i l l e d  t o  2250 p s i .  

It w a s  r e l a t i v e l y  easy  

Ge t t ing  o u t  of t h e  h o l e  w a s  probably the  most awkward p a r t  of t h e  

e n t i r e  ope ra t ion .  Once t h e  d iv ing  h o l e  w a s  c u t ,  t h e  water r o s e  i n t o  the  

h o l e  t o  w:ithin about  one-third of a meter from t h e  i c e  s u r f a c e .  However, 

t h e  s l i p p e r i n e s s  of t h e  i c e  and the  weight of the d iv ing  

d i f f i c u l t  t o  climb o u t  t h a t  l a s t  f o o t .  To overcome t h i s  

simply c u t  good-sized s t e p s  i n t o  t h e  ice as t h e  h o l e  w a s  

t h e  d i v e r s  used them t o  climb o u t .  

2 1  

gear  made i t  

d i f f i c u l t y ,  w e  

being made and 



The retreat from the d iv ing  h o l e  t o  t h e  hea ted  d iv ing  hu t  caused l i t t l e  

d i f f i c u l t y .  

warmed up a f t e r  t h e  f i r s t  f e w  d ives ;  however, t h i s  w a s  t h e  on ly  p a r t  of t h e  

body which appeared t o  g e t  e x c e p t i o n a l l y  c o l d ,  

even t h i s  p a i n  n o t i c e a b l y  l e s sened .  

ad jus t ed  t o  t h e  water after s o  few d i v e s ;  r a t h e r ,  i t  i s  be l i eved  t h a t  some 

of t h e  nerves  i n  t h e  f i n g e r s  had become deadened. The d i v e r s '  hands 

recovered completely s h o r t l y  a f t e r  t he  r e t u r n  t o  Seatt le.  

The d i v e r s  noted a good d e a l  of p a i n  i n  t h e i r  f i n g e r s  as  they 

Af te r  t he  i n i t i a l  d i v e s ,  

It is  doub t fu l  t h a t  they were becoming 

The n e c e s s i t y  f o r  competent d iv ing  t ende r s  on the  s u r f a c e  dese rves  

s p e c i a l  a t t e n t i o n .  A minimum of two t ende r s  i s  recommended. 

would be  two teams of two d i v e r s  each,  wi th  one team a c t i n g  as  t ende r s  f o r  

t h e  o t h e r  couple .  

t h e  t ende r s  should know--in d e t a i l  and i n  advance--what a s s i s t a n c e  they  

should provide  and what procedures  t o  fo l low i n  an emergency. 

d i s h e a r t e n i n g  t o  have t o  s u r f a c e  and w a i t  f o r  an i t e m  t o  b e  f e t ched  

t h a t  could have been ready beforehand. 

w i th  r e g u l a t o r s  f r e e z i n g .  

he lp  t o  t h e  d i v e r s  t o  have ready a p a i l  of h o t  water i n  which t o  immerse 

t h e  second s t a g e  t o  f r e e  t h e  mechanism. 

t h e  water!, they  f r o z e  i n  an  open p o s i t i o n  and t h e  d i v e r s  could make a s a f e  

e x i t . )  The r e g u l a t o r  problem is  d iscussed  more f u l l y  i n  t h e  Diving Equip- 

ment s e c t i o n .  

I d e a l l y  t h e r e  

This  is  no t  o f t e n  p o s s i b l e ;  bu t  whatever t h e  arrangement,  

It i s  very  

To g ive  an example, w e  had a problem 

When they f r o z e  on t h e  s u r f a c e ,  i t  w a s  a g r e a t  

(For tuna te ly ,  when they f r o z e  i n  

2.  L igh t  Condi t ions.  W e  had l i t t l e  foreknowledge of l i g h t  c o n d i t i o n s  

beneath t h e  ice.  

water l i g h t i n g  systems t o  Camp-200: ( a )  battery-powered underwater search-  

l i g h t s ;  (1)) surface-powered 100-watt sealed-beam lamps; and (c )  s m a l l  

battery-powered s t r o b e  l i g h t s  which could be a t t ached  t o  any i t e m  of i n t e r e s t  

and could be seen  approximately 70 meters away. I n  t h e  area of s tudy ,  t h e  

ice reached a maximum th i ckness  of approximately 5 meters and i t s  snow 

cover  averaged around 30 cm. The snow, however, d i d  form dunes 40 t o  60 c m  

h igh  dur ing  major storms. S u f f i c i e n t  l i g h t  pene t r a t ed  the  ice and snow 

cover so  t h a t  d iv ing  o p e r a t i o n s  were i n  no way hampered by darkness .  I f  

t h e  snow covered w a s  removed from l o c a l  areas of i n t e r e s t ,  t h e  l i g h t i n g  w a s  

even b e t t e r .  I n  gene ra l ,  t h e  ambient l i g h t  w a s  s u f f i c i e n t  t o  a l low 

To p repa re  f o r  any e v e n t u a l i t y ,  w e  brought  t h r e e  under- 

22 



eff ic ient .  o p e r a t i o n  wi thout  t h e  underwater s e a r c h  l i g h t s  and sealed-beam 

lamps mentioned above. 

The. c l a r i t y  of t h e  water w a s  a n o t h e r  major f a c t o r  which f r e e d  t h e  

d i v e r s  from t h e  need f o r  l i g h t s .  

i n  t h e  h o r i z o n t a l  and approximately 40 meters i n  t h e  ver t ical .  

of t h e  water and t h e  l i g h t  which passed through t h e  cover made v i s i b i l i t y  

e x c e l l e n t ,  and t h e  d i v e r s  were n o t  l i m i t e d  by l i g h t  c o n d i t i o n s .  

It w a s  p o s s i b l e  t o  see 50 t o  70 meters 

The c l a r i t y  

3 .  Diving Equipment. The d i v i n g  equipment used i n  t h i s  s tudy  is  

q u i t e  similar t o  t h a t  employed i n  o t h e r  cold-water areas, such as Puget 

Sound, 

he re .  

Only t h a t  gear  found t o  be  p a r t i c u l a r l y  u s e f u l  w i l l  be  descr ibed  

Standard,  custom-fi t ted 1/4" w e t s u i t s  wi th  a n  i n n e r  vest and "Farmer 

John" p a n t s  proved t o  be  adequate  f o r  most of t h e  d i v e r s '  needs. 

d i v e r s  t r i e d  a surg ica l - type  g love  worn beneath t h e  s tandard  5-f inger  model, 

b u t  t h i s  d i d  n o t  h e l p  much t o  keep t h e i r  hands warm.  I f  a m i t t e n  i n s t e a d  

of a g love  had been used,  t h e  problem of co ld  hands might have been so lved ,  

b u t  t h e  t y p e  of work r e q u i r e d  5-f inger  gloves.  On f u t u r e  t r i p s  a glove- 

mi t ten  combination may be used. T h i s  would r e q u i r e  a 5-f inger  i n n e r  glove 

w i t h  a removable o u t e r  m i t t e n .  Most of t h e  t i m e  t h e  d i v e r  would wear both 

cover ings ,  b u t  f o r  a j o b  r e q u i r i n g  t h e  u s e  of h i s  f i n g e r s  t h e  m i t t e n  could 

b e  removed by means of a z i p p e r  o r  o t h e r  arrangement. T h i s  combination has  

n o t  y e t  been developed,  b u t  i t  appears  f e a s i b l e .  

The 

The amount of weight r e q u i r e d  t o  overcome t h e  buoyancy o f  t h e  w e t s u i t  

d i d  n o t  d i f f e r  a p p r e c i a b l y  from t h e  18 pounds normally used i n  Puget Sound. 

The problem of r e g u l a t o r  freeze-up was mentioned earlier. It 

happened a t  least  s i x  t i m e s  w h i l e  under w a t e r  and w a s  d i s c o n c e r t i n g  both  

because of t h e  p o t e n t i a l  danger and because i t  c u r t a i l e d  t h e  d ive .  We 

f i n a l l y  decided t h a t  t h i s  malfunct ion w a s  caused by w a i t i n g  too  long o u t  i n  

t h e  co ld  a i r  b e f o r e  e n t e r i n g  t h e  water; t h e  f i r s t  d i v e r  t o  e n t e r  t h e  water 

never  had a freeze-up, b u t  a p p a r e n t l y  t h e  e x t r a  t i m e  t h e  second d i v e r  had 

t o  w a i t  b e f o r e  h i s  t u r n  was long enough t o  

understood,  o n l y  one d i v e r  came o u t  of  t h e  

a t i m e .  'This system w a s  used f o r  t h e  l as t  

A s  a s a f e t y  measure i n  case o f  a freeze-up 

cause  a problem. Once t h i s  w a s  

d i v i n g  h u t  and i n t o  t h e  water a t  

t h r e e  d i v e s  and no t r o u b l e  occurred.  

o r  o t h e r  underwater a i r  problem, 
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a f l o a t  b r a s  a t t a c h e d  t o  a s p a r e  tank  and r e g u l a t o r  and t h e  d i v e r s  dragged 

t h i s  combination wi th  them wherever they  worked f o r  any l e n g t h  of t i m e .  

Although i t  w a s  never  needed i n  an amergency, t h e  d i v e r s  found i t  ve ry  

r eas su r ing .  

Probably t h e  f i rs t  s a f e t y  measure t h a t  a d i v e r  would t h i n k  of f o r  work 

under t h e  i c e  i s  a s t r o n g  s a f e l i n e .  

permi t ted  t h e  l i n e  t o  be  r e e l e d  i n  by t h e  d i v e r s  as they went back t o  t h e  

h o l e ,  thereby  keeping it from t a n g l i n g  wi th  t h e  ins t ruments .  It w a s  used 

as a s a f e l i n e  on ly  on t h e  f i rs t  d ive .  

b i l i t y  arid t h e  absence of s t r o n g  c u r r e n t s ,  a s a f e l i n e  as such w a s  deemed 

unnecessary.  However, i t  w a s  u s e f u l  f o r  measuring d i s t a n c e s .  One d i v e r  

he ld  t h e  end of t h e  l i n e  wh i l e  t h e  second d i v e r  swam t h e  d i s t a n c e  t o  be 

measured and t i e d  a knot  i n  t h e  l i n e  a t  t h a t  po in t .  It w a s  then r e e l e d  

back i n  and measured l a t e r  on t h e  s u r f a c e .  

A ree l - type  model w a s  purchased which 

Because o f  t h e  extremely good v i s i -  

One good s a f e t y  i t e m  w a s  t h e  small battery-powered b l i n k i n g  s t r o b e  

l i g h t s  ( [ c ] ,  above) which each d i v e r  s t r apped  t o  h i s  arm. This  w a s  an 

e x c e l l e n t  s i g n a l i n g  dev ice  and would have been ve ry  h e l p f u l  i f  a d i v e r  

had become l o s t .  

Because of i t s  proven use fu lness  i n  o t h e r  areas, an underwater w r i t i n g  

pad w a s  inc luded  i n  t h e  d iv ing  gear .  It  might have been u s e f u l  i n  t h e  

A r c t i c  i f  t h e  d iv ing  schedule  had been f r e e r .  However, because of t h e  

l i m i t e d  t i m e  i n  t h e  water, i t  w a s  necessary  t o  p l an  each d ive  i n  minute 

d e t a i l  i n  advance, making s u r e  each d i v e r  knewwhat he  had t o  do and how long 

he  had t o  do i t .  When t h i s  procedure w a s  fol lowed,  t h e  d iv ing  went smoothly 

and t h e r e  w a s  l i t t l e  need f o r  t h e  pad. 

The d i v e r s  l ea rned  a good d e a l  about underwater t o o l  handl ing.  It 

i s  a mist:ake t o  use  s l o t t e d  roundhead b o l t s  f o r  underwater work; t h e  d i v e r s  

found i t  almost imposs ib le  t o  screw i n  t h i s  kind of b o l t  i n  a reasonable  

amount of t i m e ,  A speed wrench used wi th  a l lenhead  b o l t s  worked q u i t e  w e l l ,  

b u t  even t h i s  o p e r a t i o n  w a s  t i m e  consuming and r equ i r ed  d e x t e r i t y .  

e f f i c i e n t  j o i n i n g  methods should be  developed. 

More 

Socket wrenches and vise grips w e r e  found t o  be  h e l p f u l  i n  several 

i n s t a n c e s .  Equal ly  important  w a s  a good sharp  k n i f e .  

To keep from weight ing down t h e  d i v e r  w i th  t o o l s ,  they  were put  i n t o  

a bucket  suspended by a 7-pound f i s h i n g  f l o a t  and t h e  whole u n i t  moved t o  
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t h e  work area. 

c u r r e n t s  were s t r o n g  they could drag  t h e  u n i t  ou t  of t h e  area. One s o l u t i o n  

t o  t h i s  problem w a s  t o  screw an ice  screw i n t o  t h e  ice and secu re  t h e  bucket 

t o  it. Th i s  worked where t h e r e  was a t h i c k  l a y e r  of newly formed s o f t  ice 

( o f t e n  found i n  t h e  domes), b u t  i n  most p l a c e s  t h e  d i v e r s  had t r o u b l e  g e t t i n g  

t h e  screw t o  hold .  

could b e  secured  by anchoring i t  t o  t h e  i c e ,  

It worked w e l l ,  b u t  i t  d id  tend t o  f l o a t  away, If t h e  

No s a t i s f a c t o r y  method w a s  found whereby equipment 

I n  t h i s  k ind  of d iv ing  i t  should be  expected t h a t  t o o l s  w i l l  be  dropped, 

and i n  3000 meters of water  they  are not  recoverable .  

can be  decreased by t y i n g  t h e  t o o l s  around one ' s  w r i s t ,  b u t  sometimes t h i s  

i s  n e i t h e r  p o s s i b l e  no r  foo lp roof ,  A good supply of s p a r e s ,  t h e r e f o r e ,  

i s  a b s o l u t e l y  e s s e n t i a l .  

The a t t r i t i o n  ra te  

The l as t ,  and very  impor tan t ,  i t e m  t o  be  mentioned i s  t h e  a i r  com- 

p res so r .  

some s p e c i a l  care i n  a r c t i c  cond i t ions .  It would no t  run p rope r ly  when 

co ld ,  so i t  had t o  be  p laced  i n  t h e  l i v i n g  h u t ,  o f f  t h e  f l o o r  and next  t o  

t h e  space  h e a t e r ,  Th i s  meant t h a t  f o r  about two hours  a day, wh i l e  t h e  

tanks  were be ing  f i l l e d ,  t h e  hu t  w a s  t oo  no i sy  t o  s t a y  i n .  Aside from 

keeping i t  warm,  t h e  compressor r equ i r ed  l i t t l e  more than normal maintenance. 

The 2 CFM e l e c t r i c a l l y  powered model which w a s  purchased r equ i r ed  

4 .  Assembly of an Instrument  Frame. The f i r s t  major j ob  f o r  t h e  

d i v e r s  w a s  t o  complete t h e  assembly of an instrument  frame by i n s t a l l i n g  

sets of c u r r e n t  meters on i t .  The p o s i t i o n s  f o r  t h e  c u r r e n t  meters were 

f i r s t  measured along t h e  frame us ing  a meter s t i c k .  Then a j u n c t i o n  box 

wi th  i t s  a t t ached  c u r r e n t  meters and e l e c t r i c a l  cab le  w a s  brought t o  t h e  

frame through t h e  d iv ing  ho le .  To keep t h e  cab le  from sagging and i n t e r -  

f e r i n g  wi th  t h e  o p e r a t i o n ,  f l o a t s  were t i e d  t o  i t  a t  r e g u l a r  i n t e r v a l s  and 

kept  i t  up a g a i n s t  t h e  ice. 

Each c u r r e n t  meter set w a s  h e l d  t o g e t h e r  by a PVC b lock  which a l s o  

provided a means means f o r  a t t a c h i n g  t h e  set  t o  t h e  frame. Through t h e  

c e n t e r  of each b lock  had been d r i l l e d  a h o l e  t h e  s i z e  of t h e  s t a i n l e s s  s teel  

rod ,  By removing a s e c t i o n  of t h e  b lock  he ld  t o  t h e  main b lock  by screws,  

t h e  h o l e  could be  l i n e d  up on t h e  rod ,  This  s e c t i o n  could then  be  rep laced  

and screwed down s o l i d l y  a g a i n s t  t h e  rod ,  s ecu r ing  t h e  c u r r e n t  meters i n  

p lace .  

speed wrenches. 

T h i s  ope ra t ion  w a s  t i m e  consuming even wi th  a l lenhead  b o l t s  and 

Simple snap-in b locks  would have been p r e f e r a b l e .  
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After  t h e  f i r s t  j u n c t i o n  box (with i t s  meters )  was i n s t a l l e d ,  t h e  

second one w a s  added and a l l  l oose  cab le  was secured  t o  t h e  frame, This  

w a s  done by tying s h o r t  l eng ths  of l i n e  around t h e  cab le s  and frame, 

We devised  a s a t i s f a c t o r y  way t o  i n c r e a s e  t h e  r i g i d i t y  of t h e  

th ree -qua r t e r  inch  O.D. frame. A d i v e r  swam t o  t h e  bottom of t h e  frame 

wi th  a shack le  a t t a c h e d  t o  a hydrowire ex tending  back t o  t h e  su r face .  

Once h e  had a t t a c h e d  t h e  shack le  t o  t h e  frame, a second l i n e  lowered a 

50-pound weight  through t h e  ho le .  

frame u n t i l  t he  o p e r a t i o n  w a s  over;  i t  w a s  then  p u l l e d  t o  t h e  s u r f a c e  by 

t h e  s t i l l - a t t a c h e d  second l i n e .  

The weight hung v e r t i c a l l y  below t h e  

A f t e r  s u f f i c i e n t  c u r r e n t  d a t a  had been taken ,  t h e  d i v e r s  removed a l l  

t h e  c u r r e n t  meters from t h e  frame and brought  them back out  t h e  d iv ing  ho le .  

Because t h e  co re  h o l e  through which t h e  frame had been lowered had f rozen  

i n ,  i t  was imposs ib le  t o  g e t  t h e  frame ou t  i t s  hole .  We f i n a l l y  disconnected 

t h e  frame from i ts  upper s e c t i o n ,  which w a s  imbedded i n  t h e  i c e ,  and pu l l ed  

i t  out  of t h e  d iv ing  h o l e  by t h e  hydrowire a t t ached  t o  i t s  lower end. 

5. Topographic Measurements. We made a topographic  survey because 

of t h e  l a c k  of any p r e c i s e  d a t a  on t h e  small-scale (less than  20-meter 

wavelength) topography of t h e  under-ice s u r f a c e .  

The equipment used i n  t h i s  survey cons i s t ed  of a d i f f e r e n t i a l  p r e s s u r e  

t r ansduce r  and i t s  a s s o c i a t e d  a m p l i f i e r  mounted i n  a wa te r - t i gh t  PVC housing 

equipped wi th  wheels and a s k i d .  The p o r t s  of t h e  t r ansduce r  w e r e  connected 

t o  two e x t e r n a l l y  mounted three-way valves which provided t h e  necessary  

water con tac t .  The underwater u n i t  w a s  no t  se l f -conta ined  b u t  r equ i r ed  an 

umbi l i ca l  cord from t h e  s u r f a c e  t o  provide power f o r  t h e  t r ansduce r  and 

a m p l i f i e r .  The cab le  a l s o  allowed f o r  t ransmiss ion  of t h e  s i g n a l  t o  t h e  

s u r f a c e ,  where i t  w a s  recorded on a s t r i p  c h a r t  r eco rde r .  A system f o r  

measuring h o r i z o n t a l  displacement  a long t h e  i c e  w a s  devised;  i t  cons i s t ed  

of a reed  swi tch  mounted w i t h i n  t h e  housing which w a s  t r i p p e d  by a l a r g e  

magnet connected t o  one of t h e  wheels ,  each wheel r o t a t i o n  p l ac ing  a s p i k e  

on t h e  record .  Th i s  measuring system f a i l e d ;  t h e  wheels ,  even equipped 

wi th  s p i k e s ,  d i d  no t  have enough t r a c t i o n  t o  r o t a t e  p rope r ly ,  and t h e  

weight of t h e  magnet (2-3 pounds) d id  no t  he lp .  Probably a c a r r i a g e  o f  

t h i s  des ign  would b e s t  b e  moved over  the  i c e  by small s k i s  i n s t e a d  of 
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wheels.  

Our makeshif t  s o l u t i o n  w a s  t o  l a y  o u t  a p r e c i s e l y  measured g r i d  system and 

then  move a long  i t  at a c o n s t a n t  speed,  

'This would r e q u i r e  some o t h e r  appara tus  f o r  measuring d i s t a n c e .  

T h i s  g r i d  c o n s i s t e d  of a square  40 meters on a s i d e  and centered  a t  

It w a s  set up by us ing  premeasured l e n g t h s  of  l i n e  t h e  ins t rument  frame, 

which were p u t  i n  p l a c e  by wooden pegs ,  

w a s  repea ted  w i t h  t h e  pegs: i t  proved very  d i f f i c u l t  t o  hammer a peg i n t o  

t h e  h a r d  ice. 

d i d  n o t  p u t  t o o  g r e a t  a stress on t h e  l i n e s .  It  took two and one-half d i v e s  

t o  set up t h e  e n t i r e  network. 

The problem w i t h  t h e  ice screws 

The system worked, however, because t h e  low c u r r e n t  speeds 

The g r i d  i s  shown i n  F i g u r e  2.  

F igure  2.  Grid System 

Our planned method of running t h e  g r i d  c o n s i s t e d  of  ( a )  lowering t h e  

t r a n s d u c e r  i n t o  t h e  water, (b) zero ing  t h e  u n i t  a g a i n s t  t h e  i c e  s u r f a c e ,  

( e )  c l o s i n g  one p o r t ,  and (d) running a prearranged p a t t e r n  through t h e  

g r i d .  We n o t  only r a n  t h e  marked s e c t i o n  b u t  a l s o  r a n  t h e  d iagonals ,  

because t h e  frame s tood  o u t  s o  w e l l  t h a t  from a corner  one could e a s i l y  

head s t r a i g h t  f o r  t h e  frame. Each t u r n i n g  p o i n t  along t h e  g r i d  w a s  marked 

by lowering t h e  t r a n s d u c e r  u n i t  down approximately one meter and t h e n  quick ly  

b r i n g i n g  i t  back t o  i t s  o r i g i n a l  p o s i t i o n .  T h i s  pu t  a clear s p i k e  on t h e  

record .  W e  w e r e  a b l e  t o  t r a n s l a t e  t h e  p r e s s u r e  record  d i r e c t l y  i n t o  a depth 

by marking on t h e  frame a one-meter d i s t a n c e  below t h e  ice  s u r f a c e ,  When 
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t h e  t r ansduce r  was brought  t o  t h e  frame, i t  w a s  lowered t h i s  d i s t a n c e  t o  

g ive  a good c a l i b r a t i o n  va lue ,  

The e n t i r e  o p e r a t i o n  r equ i r ed  two d i v e r s ;  one d i v e r  pushed t h e  c a r r i -  

age along wh i l e  t h e  o t h e r  handled t h e  cab le s ,  Bar r ing  equipment f a i l u r e ,  

i t  would r e q u i r e  two d i v e s  t o  run a complete g r i d  of t h e  same s i z e  aga in .  

6, Discuss ion  of t h e  Topography. The topographic  map, F igu re  3 ,  

shows a broad p l a t e a u - l i k e  reg ion  cen te red  nea r  t h e  ins t rument  frame. This  

p l a t e a u  i s  bounded by a long t r o u g h i n  t h e  upper p a r t  of t h e  map and by a 

dome i n  t h e  lower l e f t  co rne r ,  The numbers r e f e r  t o  cen t ime te r s  above a 

zero  p o i n t  taken  as t h e  lowest  p r o j e c t i o n  of  t h e  ice i n t o  t h e  water, There- 

f o r e ,  t h e  t o p  of t h e  dome i n  t h e  lower l e f t  i s  approximately 2.8 meters 

above a h o r i z o n t a l  p lane  pass ing  through t h e  zero  p o i n t .  

The r eg ion  immediately around t h e  c u r r e n t  meter frame w a s  chosen f o r  

i t s  r e g u l a r i t y  and l a c k  of apprec i ab le  r e l i e f .  I f  t h e  frame had been posi-  

t i o n e d  c l o s e r  t o  a dome o r  r i d g e ,  t h e  c u r r e n t  meters would have recorded 

wake e f f e c t s  which would have i n t e r f e r e d  wi th  t h e  Ekman l a y e r  s tudy .  

I n  g e n e r a l ,  t h e  map shows a t y p i c a l  ice p r o f i l e - t y p i c a l ,  a t  least ,  

of t h e  i c e  s h e e t  on which w e  w e r e  l oca t ed .  

t o  see r i d g e s  ex tending  away beyond v i s i o n .  There were approximately f i v e  

of t h e s e  r i d g e s  i n  s i g h t  beyond t h e  one po r t r ayed  a t  t h e  top  of t h e  map, 

and they  a l l  seemed t o  be  of t h e  same o r d e r  of magnitude. Domes wi th  

d iameters  of from 5 t o  10 meters were a l s o  p r e s e n t  i n  t h e  area. Small-scale  

f e a t u r e s  w e r e  d e f i n i t e l y  l a c k i n g ,  probably due t o  t h e  masking e f f e c t  of t h e  

growing ice  on small protuberances.  

I n  a l l  d i r e c t i o n s  i t  w a s  p o s s i b l e  

The map i s  very similar t o  t h e  d i v e r s '  p rev ious  d e s c r i p t i o n s  o f  t h e  

topography. The map-making technique appears  t o  b e  a good one. 

7. Underwater Photo-. We hoped t h a t  a series of panoramic views 

could b e  taken  of t h e  area t o  complement t h e  map. An amphibious 35 mm camera 

equipped wi th  a f l a s h  w a s  used wi th  Agfa-chrome CT-18 (ASA 50) f i lm .  Unfor- 

t u n a t e l y  t h e r e  w a s  no t  s u f f i c i e n t  l i g h t ,  even wi th  a f l a s h .  t o  t a k e  a good 

panoramic s h o t  w i th  f i l m  of t h i s  speed. 

answer. The equipment d id  work w e l l  f o r  ranges less than  5 meters, and a 

good underwater camera is deemed worthwhile.  

A h i g h e r  speed f i l m  may be  t h e  
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D 1 CONTOUR INTERVAL - ir.iocl. !im 

F i g u r e  3 .  Under-ice topography around instrument  frame. Deepest 
p r o j e c t i o n  of i ce  is  zero  r e f e r e n c e ;  contours  are  c m  above 

zero r e f e r e n c e .  Cross i n d i c a t e s  m a s t  l o c a t i o n .  



D, Boundary Layer S t u d i e s  . 
Before assembling t h e  main frame, we mounted t h r e e  c u r r e n t  meters 

o r t h o g o n a l l y  on a w i r e  frame and t h e  frame w a s  lowered s o  t h a t  t h e  meters 

were s i t u a t e d  2 m below t h e  bottom of t h e  ice,  Raw d a t a  from t h e s e  t h r e e  

meters were recorded on a Sanborn o s c i l l o g r a p h i c  r e c o r d e r  and were analyzed 

i n  a p r e l i m i n a r y  way i n  t h e  f i e l d ,  

t h e  ver t ical  and cross-flow v e l o c i t y  components were almost always below 

t h e  c u r r e n t  meter t h r e s h o l d ,  and t h e  dur ing  p a r t  of t h e  t i m e  t h e  v e l o c i t y  

component i n  t h e  d i r e c t i o n  of flow was below t h e  c u r r e n t  meter t h r e s h o l d  

(about 2.5 cm/sec-'). The meters were no doubt working d u r i n g  t h i s  t i m e  

because they  always responded when t h e  suppor t  w i r e  w a s  d i s t u r b e d .  There- 

f o r e ,  t h e s e  measurements provide  an upper l i m i t  f o r  t h e  c u r r e n t s  a t  t h e  

depth dur ing  t h i s  t i m e ,  However, p a r t  of t h e  t i m e  dur ing  t h e s e  meteorolo- 

g i c a l l y  q u i e s c e n t  p e r i o d s  t h e  h o r i z o n t a l  v e l o c i t y  component p a r a l l e l  t o  t h e  

d i r e c t i o n  of  flow showed a d i s t i n c t  w a v e  motion f o r  which t h e  speed ranged 

from below t h r e s h o l d  t o  more than  10 cm/sec and back t o  below t h r e s h o l d  

i n  about 5 . 5  seconds.  These waves came i n  packets  of  from 3 t o  30 waves. 

The v e l o c i t y  components always r e t a i n e d  t h e  same s i g n  re la t ive  t o  t h e  support  

frame, and v i s u a l  o b s e r v a t i o n s  of t h e  frame confirmed t h a t  i t  remained more 

o r  less s t e a d y  i n  d i r e c t i o n .  

During m e t e o r o l o g i c a l l y  q u i e t  p e r i o d s  

Not much can b e  s a i d  about t h e  main set of  boundary l a y e r  measurements 

u n t i l  they  have been proper ly  analyzed. These were made p r i m a r i l y  dur ing  a 

s torm i n  which t h e  wind v e l o c i t y  averaged about 10 m/sec. and exceeded 

1 2  m/sec o n l y  o c c a s i o n a l l y .  

i n  t h e  f i e l d  showed t h a t  t h e  magnitude of mean v e l o c i t y  a t  t h e  bottom set of 

c u r r e n t  meters r e l a t i v e  t o  t h e  i ce  exceeded 25 cm/sec dur ing  a good p a r t  of 

t h e  storm,, whereas t h e  c u r r e n t  speed 1 . 2  meters from t h e  boundary w a s  only 

about 10 cm/sec. 

t h e s e  two p o i n t s ,  i n d i c a t i n g  t h a t  t h e  Ekman depth under t h e s e  c o n d i t i o n s  

exceeded t:he 20 meters found by Hunkins and expected a t  t h e  start  of t h e  

p r e s e n t  s tudy .  Presumably t h e  d i f f e r e n c e  w a s  due t o  t h e  time-dependent 

n a t u r e  of t h e  flow and t h e  h i g h e r  mean speeds i n  t h e  observed s i t u a t i o n  

re la t ive  t o  t h e  cases s t u d i e d  by Hunkins. 

The f e w  sets of d a t a  which were crudely  analyzed 

Moreover, t h e r e  w a s  less than  T/2 of  a n g u l a r  s h e a r  between 

30 



Mean speeds  dur ing  q u i e s c e n t  p e r i o d s  appear  t o  average about 3 o r  

4 cm/sec a t  1 7 . 7  m below t h e  ice bottom. 

t o  speeds i n  excess of 25 cm/sec when t h e  wind speed exceeds 10 m/sec. 

phase l a g  between changes i n  wind speed and c u r r e n t  speed appears  t o  be  a 

few hours  o r  less.  

e f f e c t  on t h e  re la t ive  flow between t h e  water and ice  even when t h e  s torm 

was subs id ing .  

These v a l u e s  appear  t o  i n c r e a s e  

The 

Wind speeds of  less than  6 m/sec seemed t o  have l i t t l e  

E .  Ice Deformation - 
The p l a n s  f o r  t h e  p i l o t  s t u d y  c a l l e d  f o r  t h e  d r i f t i n g  s t a t i o n s  t o  be  

equipped wi th  Decca Lambda n a v i g a t i o n a l  systems. Although t h e  accuracy 

of  f i x  w i t h i n  t h e  range of o p e r a t i o n  was o n l y  i n  t h e  o r d e r  of hundreds of 

f e e t  ( b e s t  p robable  estimate = 500 f t . ) ,  s t r a i n  estimates f o r  l a r g e  meso- 

scale s t r a i n s  could have been obta ined  had t h e  sytems been i n s t a l l e d .  The 

systems were n o t  i n s t a l l e d  because l o g i s t i c a l  suppor t  w a s  n o t  a v a i l a b l e  t o  

cont inuous ly  man t h e  a u x i l i a r y  s t a t i o n s .  Thus, t h e  only  s t r a i n s  measured 

by t h e  Decca Lambda system w e r e  those  provided by t h e  o c c a s i o n a l  landings  

of h e l i c o p t e r s  a t  t h e  a u x i l i a r y  s t a t i o n s ,  t h e  p o s i t i o n s  of which were recorded 

each t i m e  a h e l i c o p t e r  landed. 

% 

P l a n s  had a l s o  inc luded  t h e  use  of t e l l u r o m e t e r s  t o  measure s t r a i n s .  

Four Model MRA2 t e l l u r o m e t e r s  and two sets of nickel-cadmium batteries were 

taken t o  Camp-200. We hoped t o  measure s t r a i n s  over  a t r i a n g u l a r  s t a t i o n  

a r r a y ,  b u t  l o g i s t i c a l  c o n s i d e r a t i o n s  as t h e  s tudy  progressed d i c t a t e d  t h a t  

measurements b e  made only  along a l i n e  between Camp 200 and another  remote 

s t a t i o n .  S ince  t h e  key stresses needed t o  numerical ly  model t h e  i c e  pack 

are b e l i e v e d  t o  b e  t h o s e  i n  t h e  mesoscale r e g i o n ,  w e  decided t o  measure 

s t r a i n s  between Camp. 200 and S t a t i o n  Leo, a d i s t a n c e  of about t e n  m i l e s .  

The t e l l u r o m e t e r  a t  Leo was mounted a top  an i ce  p i n n a c l e  p r o j e c t i n g  

from an o l d  p r e s s u r e  r i d g e ,  w i t h  t h e  antenna approximately twenty f e e t  above 

t h e  top  of t h e  undis turbed  p o l a r  i ce  f l o e s .  A t  Camp 200 t h e  t e l l u r o m e t e r  

w a s  mounted on a tower--or, r a t h e r ,  a h i l l - -cons t ruc ted  of empty g a s o l i n e  

drums; t h e  h e i g h t  of t h e  antenna w a s  18 f e e t  above t h e  top  of t h e  undis turbed 

f l o e .  The s i g n a l  s t r e n g t h  between t h e s e  two s t a t i o n s  was very s t r o n g ,  l e a d i n g  

us i n i t i a l l y  t o  b e  o p t i m i s t i c  about measuring s t r a i n s  over  t e n  m i l e s  of 
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sea ice ,  

s e p a r a t i o n  of t h e  phase image was n o t o c c u r f i n g  and t h a t  t h e  d i s t a n c e s  

measured between t h e  s t a t i o n s  were vary ing  i n  an impossible  way, with 

apparent  s t r a i n s  of 15% i n  one hour ,  

a sha rp  r i n g  w i t h  a clear phase break ,  appeared as a doughnut r i n g  wi th  no 

d i s c e r n i b l e  phase break .  Ten d i f f e r e n t  c a v i t y  s e t t i n g s  were t r i e d .  The 

b e s t  r e s u l t s  were obta ined  wi th  a c a v i t y  s e t t i n g  of 4.0  a t  t h e  master s t a -  

t i o n  (Camp 200) and 3.5 a t  t h e  remote s t a t i o n  (Leo). 

However, as t h e  measurements cont inued,  i t  was found t h a t  c l e a r  

The scope image, i n s t e a d  of forming 

Since  none of t h e s e  measurements w a s  accep tab le ,  w e  a t tempted t o  

improve t h e  r e c e p t i o n  by t i l t i n g  t h e  antennae a t  each end i n  t h e  v e r t i c a l  

p l ane  between each s t a t i o n .  These ang le s  went from a few degrees  t o  50 

degrees  above h o r i z o n t a l .  These t i l t i n g s  d i d  no t  r e s u l t  i n  an improved 

scope image. We decided t h a t  t h e  sea i c e  w a s  causing e i t h e r  r e f l e c t i o n s  

o r  r e f r a c t i o n s ,  o r  bo th ,  and t h a t  i t  w a s  no t  p o s s i b l e  t o  u s e  t h e  t e l l u r o -  

meter MKA2 with  i t s  c a r r i e r  wave of 10 cm f o r  s t r a i n  measurements a t  t h e  

range of 10 m i l e s  over  sea i c e ,  

To determine t h e  maximum range over which t h e  MRA2 could be used t o  

measure s t r a i n s ,  w e  made a series of measurements i n  t h e  v i c i n i t y  of 

Camp 200. One t e l l u r o m e t e r  w a s  mounted on t h e  gaso l ine  drum tower and t h e  

o t h e r  w a s  c a r r i e d  by snowmobile and s l e d  t o  va r ious  p o i n t s  a long a l i n e  

running n o r t h e a s t  from Camp 200. A very good reading  w a s  ob ta ined  a t  a 

range of 5840 f e e t  w i th  t h e  remote s t a t i o n  on t h e  same f l o e  as  Camp 200 

(no p r e s s u r e  r i d g e  between s t a t i o n s ) ,  A t  S t a t i o n  P i s c e s  (7910.5 f e e t ) ,  

t h e  reading  w a s  equa l ly  good al though s e v e r a l  small r i d g e s  were between 

t h e  s t a t i o n s .  A t  a range of 13 ,730  f e e t  t h e  las t  c l e a r  readings  were 

w e r e  ob ta ined .  Beyond t h i s  range ,  readings  were p o s s i b l e  b u t  no t  up t o  

t h e  accuracy of t h e  t e l l u r o m e t e r  (f 2 cm). 

see changes i n  t h e  f i n e  s c a l e  readings  happening a t  t i m e  i n t e r v a l s  o f  a 

few seconds,  and w e  b e l i e v e  t h a t  t h e s e  r e s u l t e d  from deformations i n  t h e  

ice  pack;. 

A t  t h i s  range one could a c t u a l l y  

W e  conclude t h a t  t h e  t e l l u r o m e t e r  MRA2 would work f i n e  f o r  s t r a i n s  

of s m a l l .  mesoscale s i z e  ( o r  l a r g e  mic rosca le ) .  The t e l l u r o m e t e r  MRA3, 

wi th  a ca r ry ing  wave of 3 cm,has been used on t h e  A n t a r c t i c  P l a t e a u  and 

has  achi-eved g r e a t e r  ranges t h - t h e  MRA2. The MRA3, o r  poss ib ly  a laser 

s t r a i n  meter, w i l l  b e  t r i e d  dur ing  t h e  1 9 7 1  p i l o t  s tudy .  
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F. Sgecial Ch.eqi,stry. 

Water samples were c o l l e c t e d  a t  v a r i o u s  depths  (2 ,  10,  30, 5 0 ,  7 5 ,  

100, 150, 200, 250, 300, 350, 400, 450, 500 m) t o  b e  analyzed f o r  s o l u b l e  

Zn and Pb by Anodic s t r i p p i n g  method. 

Water from 30, 100, 200, and 300 meters was f i l t e r e d  through a 

Gelman metrical f i l t e r  of 0.47 pore  s i z e  t o  l o o k  a t  v a r i o u s  trace elements  

by emission spectroscopy.  The f i l t e r i n g  rates observed i n d i c a t e  t h a t  t h i s  

water i s  a t  l eas t  two t o  t h r e e  times c l e a n e r  i n  p a r t i c u l a t e  matter than  

water from t h e  Sargasso Sea from comparable depths .  
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V I ,  PERSONNEL 

Tlie fo l lowing  personnel  p a r t i c i p a t e d  i n  t h e  oceanographic experiments:  
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M. Welch 
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Oceanographer 
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Canadian Hydrographic 
S e r v i c e  

PCSP 
PCSP 

P r o j e c t  

p h y s i c a l  oceanography 
p h y s i c a l  oceanography 
boundary l a y e r  s t u d i e s  
i ce  deformation 
p h y s i c a l  oceanography 
p h y s i c a l  oceanography 
boundary l a y e r ,  d i v i n g  
boundary l a y e r ,  d i v i n g  
boundary l a y e r  
p h y s i c a l  oceanography 
boundary l a y e r  
p h y s i c a l  oceanography, c e r t a i n  

chemical measurements 

Commander, Camp-200 
camp a s s i s t a n t  
camp a s s i s t a n t  

V I I .  NARRATIVE 

F e b r u a r y A .  -- R. B.  Tr ipp  depar ted  f o r  Barrow, wi th  most of t h e  equip- 
ment (about 8000 pounds). The Naval Arc t ic  Research Laboratory 
t r a n s p o r t e d  t h i s  equipment t o  Tuktoyaktuk i n  t i m e  t o  make t h e  s tag inB 
f l i g h t s  by B r i s t o l  F r e i g h t e r  a i r c r a f t  from Tuktoyaktuk t o  i ce  f l o e  
Camp-200. 

March _ _  lQ. -- The remainder o f  t h e  p a r t y  l e f t  from Sea t t le ,  a r r i v i n g  a t  
Tuktoyaktuk on t h e  1 2 t h .  About 1000 pounds of equipment accompanied 
t h e  p a r t y .  

March 14.  -- Four Otter f l i g h t s  c a r r i e d  t h e  p a r t y  (except f o r  Tr ipp  and 
Campbell, who a r r i v e d  a day l a t e r )  and about 3000 pounds of gear  t o  
Camp-200. 

March 14-18, -- Erec ted  camp and s e t t l e d  i n .  Began d igging  the l a r g e  
d i v i n g  and ins t rument  h o l e  and opened i t  on t h e  18 th .  A i r  temperatures  
ranged between -25°F and -40°F; winds w e r e  from 7 t o  18 knots .  
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March, IS!. -- Began c u t t i n g  t h e  h o l e  f o r  t h e  main camp hydrographic s t a t i o n ,  
on ice  about s i x  feet  t h i c k  approximately one-half m i l e  southwest of 
t h e  camp, j u s t  o f f  t h e  main f l o e .  Discovered several w i r i n g  problems 
i n  t h e  boundary l a y e r  e l e c t r o n i c s ;  and a power supply burned o u t ,  
t a k i n g  w i t h  i t  t h e  master clock and some o t h e r  components. 

March 2C!. -- Placed  t h e  main c u r r e n t  meter s t r i n g  i n  t h e  l a r g e  h o l e ,  us ing  
a hydrographic  winch (descr ibed  e a r l i e r )  f i t t e d  w i t h  5/32" w i r e .  An 
A-frame of 2x4 was l o c a t e d  over  t h e  h o l e ,  and a meter wheel w a s  sus- 
pended from i t .  Cut t h e  w i r e  a n d s p l i c e d i t  wi th  a Micropress  se t .  
Deployed t h e  meters as fol lows:  

Meter - Depth 

10  m Braincon mod. 381 
38 m Braincon mod. 316 
39.5 m Braincon mod. 573 ( d i g i t a l )  
148 m Braincon mod. 316 
301 m Braincon mod. 381 

Fin ished  t h e  h o l e  f o r  t h e  main camp hydro s t a t i o n  and e s t a b l i s h e d  t h e  
hydro s t a t i o n .  

March 21. -- E s t a b l i s h e d  f i r s t  s a t e l l i t e  s t a t i o n  (LEO) approximately t e n  
m i l e s  n o r t h  of Camp-200. 

March 22-. -- Temperature -35'F, b u t  no wind. Deployed two c u r r e n t  meters 
a t  -Leo: one Braincon 381 a t  a depth of 39 meters, and one Braincon 573 
a t  40 m e t e r s .  Lowered a Hydro Products  c u r r e n t  meter through d i v i n g  
h o l e .  
speed. 

Current  speed ranged from 2 t o  4 cm/sec dur ing  t i m e s  of low wind 

March 23-. -- E s t a b l i s h e d  second s a t e l l i t e  s t a t i o n  (AQUARIUS) approximately 
twenty m i l e s  nor thwest  of Camp-200. Placed two Braincon 381 meters, 
a t  39 m and 40 m. Lowered a frame wi th  s i n g l e  or thogonal  t r i p l e t  of 
c u r r e n t  meters through d i v i n g  ho le .  Measured waves w i t h  approximately 
5.5 sec p e r i o d  and 5 cm/sec amplitude.  

March 24.. -- Accomplished a s y n o p t i c  hydrographic  cast a t  t h r e e  s t a t i o n s .  

March 25'. -- A i r  temperature  -20°F, wind 1 4  knots  w i t h  g u s t s  t o  18 knots .  
No f l y i n g .  Made t h e  f i r s t  dive.  

March 26-. -- Located Aquarius a f t e r  an e x t e n s i v e  s e a r c h .  Severe p r e s s u r e  
r i d g i n g  c l o s e  on a l l  s i d e s  d i c t a t e d  t h a t  a l l  equipment b e  removed and 
t h e  camp abandoned. An o v e r f l i g h t  i n  t h e  a f te rnoon showed t h a t  t h e  
f l o e  had completely vanished.  Located a s u i t a b l e  p l a c e  f o r  t he  c u r r e n t  
meter m a s t .  

March 27:. -- E s t a b l i s h e d  a c u r r e n t  meter s t a t i o n  (PISCES) by snowmobile 
about one and one-half m i l e s  n o r t h  of Camp-200. Two c u r r e n t  meters 
from Aquarius p laced  a t  P i s c e s  a t  39 m and 40 m. P o s i t i o n e d  t h e  main 
c u r r e n t  meter m a s t  and one set of meters. 
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March 28. -- White-out precluded a l l  f l y i n g .  Made two d i v e s ,  and mounted 
most of t h e  c u r r e n t  meter sets on t h e  mast. 

March 2%. -- Began t e l l u r o m e t e r  measurements between Camp-200 and Leo. 
P laced  a l l  c u r r e n t  meters, and secured  t h e  e lectr ical  c a b l e  t o  t h e  
frame. S t a r t e d  t h e  topography g r i d ,  

March 3g .  -- Wind b u i l d i n g  up t o  18-22 k n o t s  ESE. P r e s s u r e  r i d g i n g  
occurred  w i t h i n  5 f e e t  of Leo. Abandoned t h e  camp. Made t e l l u r o m e t e r  
measurements from Camp-200 ou t  v a r i o u s  d i s t a n c e s  t o  a maximum of approxi- 
mately t h r e e  m i l e s .  

March 31 - A p r i l  2. -- Began packing of equipment and evacuat ion  o f  some 
personnel  and equipment t o  Tuktoyaktuk. Ran t h e  topography g r i d ,  bu t  
a t e c h n i c a l  f a i l u r e  r e s u l t e d  i n  no d a t a .  

A p r i l  1. -- S u c c e s s f u l l y  r a n  t h e  topography g r i d .  

A p r i l  2. -- Made t h e  f i r s t  d ive ;  took photographs and began t o  disassemble 
c u r r e n t  m e t e r  m a s t .  On t h e  second d ive ,  completed disassembly and 
removal of mast. 

A p r i l  3, ,  -- Retr ieved  t h e  c u r r e n t  meter s t r i n g  a t  main camp i n  t h e  a f t e r -  
noon,, Ret r ieved  t h e  c u r r e n t  meters a t  P i s c e s  and terminated t h e  
m e  as ur ement program, 
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VIII. SUMMARY 

The f i r s t  ALDJEX P i l o t  Study, a c o l l a b o r a t i o n  between t h e  P o l a r  

C o n t i n e n t a l  She l f  P r o j e c t  (PCSP) of t h e  Canadian Department of Energy, 

Mines and Resources and t h e  U n i v e r s i t y  of Washington Department of 

Oceanography, w a s  conducted from March 12 t o  A p r i l  5 ,  1970, t o  explore  

techniques  f o r  measuring water stress on t h e  i ce  and i c e  deformation. 

S p e c i f i c  s c i e n t i f i c  p r o j e c t s  were: 

A ,  Boundary Layer S t u d i e s .  Measurements of  t h e  time-dependent 

v e l o c i t y  and Reynolds stress f i e l d s  a t  one l o c a t i o n  under a f a i r l y  smooth 

s e c t i o n  of ice w e r e  made w i t h  t h e  mechanical c u r r e n t  meters developed by 

J .  Dungan Smith. F i f t e e n  meters i n  or thogonal  t r i p l e t s  were placed a t  f i v e  

Locat ions down t o  17.7 m.-beneath t h e  i c e .  Good records  were obta.ined over 

a four-day p e r i o d  dur ing  which a s torm passed by w i t h  s i g n i f i c a n t  r e l a t i v e  

ice-water motion, D i v e r s  deployed t h e  meters and mapped t h e  under-ice 

topography. 

B,, Current  Measurements. Mean flow w i t h i n  and beneath t h e  boundary 

l a y e r  w a s  recorded us ing  t h r e e  d i f f e r e n t  models of Braincon c u r r e n t  meters. 

The Decca-Lambda system of PCSP provided t h e  n a v i g a t i o n a l  c o n t r o l .  To 

document: coherence i n  t h e  c u r r e n t  f i e l d ,  c u r r e n t  records  f o r  more than  a 

week w e r e  ob ta ined  from p a i r s  of meters a t  40 m depth (bottom of Ekman 

l a y e r  and above pycnocl ine)  wi th  h o r i z o n t a l  s e p a r a t i o n  of 1 112 m i l e s  and 

10 m i l e s .  A p a i r  spaced a t  20 n a u t i c a l  m i l e s  produced only t h r e e  days of 

record ,  because one of t h e  s t a t i o n s ,  th rea tened  by ice  breakup,  had t o  b e  

abandoned . 
C. Gradien t  Current  Measurements. T o  measure t h e  approach t o  

geostrophy of t h e  A r c t i c  Ocean flow, s y n o p t i c  hydrographic  c a s t s  t o  500 m 

w e r e  a t tempted a t  t h r e e  s t a t i o n s  spaced i n  a t r i a n g l e  wi th  l e g s  o f  approxi- 

mately 1.0, 20 ,  and 30 n a u t i c a l  m i l e s .  Only one 3-s ta t ion  c a s t  w a s  ob ta ined ,  

because t h e  20-mile s t a t i o n  w a s  abandoned. Ten p a i r e d  s y n o p t i c  casts w e r e  

recorded over  one week, a t  s t a t i o n s  10 m i l e s  a p a r t .  

D. Ice Deformation Measurements. Gross deformation of t h e  10-20-30- 

m i l e  t r i a n g l e  of s t a t i o n s  w a s  measured t w i c e  a day by p o s i t i o n  f i x i n g  of  

t h e  s t a t i o n s  w i t h  Decca-Lambda. 
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For p r e c i s e  d i s t a n c e  measurement of s t a t i o n  s e p a r a t i o n ,  t e l l u r o m e t e r s  

of 10-cm wavelength were t e s t e d .  Maximum range over  sea ice  f o r  t h e s e  

ins t ruments  proved t o  b e  about 3 n a u t i c a l  m i l e s .  

From a s c i e n t i f i c  p o i n t  of view, t h e  pre l iminary  r e s u l t s  are very  

e x c i t i n g .  They provide  t h e  first f a i r l y  comprehensive set  of  boundary 

l a y e r  d a t a  made under t h e  ice .  Many new phenomena were found, such a s  

a s t r o n g  5.5 sec p e r i o d  wave under t h e  i ce  and a much t h i c k e r  Ekman l a y e r  

t h a n  descr ibed  by Hunkins. I n  a d d i t i o n ,  t h e  mean flow and t u r b u l e n t  s t r u c -  

t u r e  of t h e  Ekman l a y e r  have been observed through a t y p i c a l  a r c t i c  storm. 

Some o t h e r  conclusions drawn from t h e  s tudy  are: 

A. The mechanical c u r r e n t  meter system, deployed by d i v e r s ,  works 

w e l l  i n  t h e  Arc t ic ,  p rovides  a c c u r a t e  stress measurements, and i s  a 

s t r a i g h t f o r w a r d  approach t o  t h e  ice-water boundary stress measurement 

problem. 

B.  Under-ice topography i s  r e l a t i v e l y  e a s i l y  mapped by d i v e r s  t o  a 

d i s t a n c e  of about 50 meters. 

C. The t e s t i n g  and development of record ing  c u r r e n t  meters f o r  a r c t i c  

o p e r a t i o n s  need t o  b e  cont inued.  

D. The methods f o r  monitor ing ice deformation r e q u i r e  f u r t h e r  con- 

c e p t u a l  s tudy  and equipment development. 

E .  More p i l o t  s t u d i e s  are r e q u i r e d  t o  work o u t  many of t h e  t e c h n i c a l  

A second A I D J E X  study d e t a i l s  t o  e n s u r e  t h e  s c i e n t i f i c  success  of AIDJEX.  

i s  now be ing  planned f o r  s p r i n g  1971 ,  and w i l l  b e  addressed t o  much-improved 

techniques  f o r  execut ing  a l l  t h e s e  p r o j e c t s .  P a r t i c u l a r  a t t e n t i o n  w i l l  b e  

given t o  more e x t e n s i v e  use of t h e  s t ress-measuring equipment, b e t t e r  

techniques  f o r  fol lowing ice  deformation over  d i f f e r e n t  h o r i z o n t a l  scales ,  

and f i n d i n g  t h e  b e s t  c u r r e n t  meters f o r  a r c t i c  c o n d i t i o n s .  
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During 1970, two diver-oriented experiments r e  Zevant to AIDJEX were 
carried out  i n  the Arctic. 
page 20 of t h i s  Bul le t in .  
by the  U.S. Naval Oceanographic Off ice  and i s  incZuded here because 
of i t s  rezevance t o  fu ture  AIDJEX oceanographic invest igat ions.  

The f i r s t  of these i s  described on 
The second experiment was carried out 

AN ARCTIC UNDER-ICE D I V I N G  EXPERIMENT 

by 

P a t r i c k  Mar t in  
U. S .  Naval Oceanographic O f f i c e  

Washington, D.C.  

The U .  S .  Naval Oceanographic Off i c e  i n i t i a t e d  a n  under- ice  a r c t i c  

d i v i n g  experiment t o  determine equipment and techniques  s u i t a b l e  f o r  

d e t a i l e d  survey of t h e  underwater p o r t i o n  of r i d g e s .  Although a few under- 

ice  d i v e s  had been made i n  t h e  Arctic,  l i t t l e  summary informat ion  w a s  

a v a i l a b l e  i n  p r i n t .  A f t e r  d i s c u s s i o n  and review of previous exper ience ,  

a f i e l d  p a r t y  w a s  deployed i n  November, 1970, t o  t h e  Naval Arctic Research 

Laboratory,  Barrow, Alaska.  

Two teams of two d i v e r s  each made d a i l y  d i v e s  a d j a c e n t  t o  t h e  beach 

a t  Barrow and, l a t e r ,  a t  t h e  edge of F l e t c h e r ' s  Ice I s l a n d ,  T-3. Sunl ight  

d i d  p e n e t r a t e  the 12-14 inches  of shore- fas t  i ce  a t  Barrow, b u t  t h e  avail-  

a b l e  moonlight a t  T-3 w a s  n o t  apparent  under t h e  ice  t h e r e ,  which w a s  13 

t o  15 f e e t  t h i c k .  The water temperature  w a s  about  29°F f o r  a l l  d i v e s ,  w i t h  

c u r r e n t s  about  th ree- four ths  of a knot a t  Barrow and n e g l i g i b l e  a t  T-3. 

Twenty team d i v e s  w e r e  made on t e n  d i v i n g  days d u r i n g  a two-week 

per iod .  Average d i v e  d u r a t i o n  w a s  one hour;  t h e  minimum w a s  25 minutes on 

t h e  f i r s t  d i v e .  A f t e r  t a i l o r i n g  s u i t s ,  a maximum d u r a t i o n  of one hour 55 

minutes was achieved.  Three d i f f e r e n t  d i v i n g  s u i t s  w e r e  eva lua ted ,  as w e r e  

several demand r e g u l a t o r s  and v a r i o u s  underwater l i g h t s .  A i r  t anks  were 

f i l l e d  by a gasoline-powered a i r  compressor i n  temperatures  as low as 39'F. 

Both a w e l l - t a i l o r e d  w e t s u i t  and a constant-volume d r y s u i t  gave thermal 

p r o t e c t i o n  adequate  f o r  t h e  c o n d i t i o n s  encountered. A poorly t a i l o r e d  

noncompressible s u i t  w a s  n o t  adequate .  Cold hands o f t e n  l i m i t e d  t h e  

d u r a t i o n  of t h e  d i v e .  Neopreme g loves  w i t h  good f i t  a t  t h e  w r i s t  seemed 
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t o  be  t h e  b e s t  combination wi th  the materials a t  hand. 

warm longer  would s i g n i f i c a n t l y  increase q u a l i t y  and q u a n t i t y  of d i v e r  

work. 

Keeping the  hands 

Each d i v e r  c a r r i e d  two t anks ,  each  w i t h  a s e p a r a t e  r e g u l a t o r  so  t h a t  

an e n t i r e  backup system w a s  immediately a v a i l a b l e  a t  a l l  times. Severa l  

models of s ingle-hose r e g u l a t o r s  were t e s t e d  and were found t o  f r e e z e ,  

u s u a l l y  i n  a p a r t i a l l y  open p o s i t i o n ,  a f t e r  s e v e r a l  minutes '  u se .  All 
such r e g u l a t o r s  tended t o  f r e e z e ,  a l though occas iona l ly  a r e g u l a t o r  would 

f u n c t i o n  wi thout  f a i l u r e .  The double-hose r e g u l a t o r  t e s t e d  never f r o z e  

through use under water, and only  once when t e s t e d  i n  ve ry  co ld  open a i r .  

Moisture  i n  t h e  a i r  tanks  can cause f r e e z i n g  a t  t h e  coupl ing t o  t h e  re- 

g u l a t o r ,  so care should be taken  t h a t  t h e  tanks  are  c l e a n  and d r y  i n s i d e  

and t h a t  t hey  are f i l l e d  wi th  d r y  a i r .  

Two 1000-watt underwater l i g h t s  were used and worked w e l l .  A t  T-3, 

d i v e r s  w e r e  a b l e  t o  see such a l i g h t ,  when poin ted  t h e i r  way, from about 

550 f e e t ,  so  t h a t  they  provide  a good o r i e n t a t i o n  r e f e r e n c e .  S m a l l  ba t -  

tery-powered l i g h t s  a l s o  worked w e l l  and were a convenient  a i d .  

model w a s  e s p e c i a l l y  convenient ;  i t  w a s  a t t ached  t o  t h e  wrist, thus  l eav ing  

t h e  hands f r e e .  

One 

A l l  d i v e s  were made wi th  a 150-foot polypropelene l i n e  a t t ached  t o  

each d i v e r  and tended a t  t h e  s u r f a c e  by t h e  o t h e r  team. A s i m p l e  sequence 

of p u l l s  on t h e  l i n e  provided v a l u a b l e  communication wi th  t h e  d i v e r s ,  

A t  Barrow, t h e  d i v e r s  i n v e s t i g a t e d  a block of i c e  grounded i n  about  

15 f e e t  of water. They found h o r i z o n t a l  ex tens ions  and l a r g e  i r r e g u l a r i -  

t i e s  i n  t h e  underwater mass. Sur faces  eroded by c u r r e n t  w e r e  noted on 

t h i s  b lock  and on t h e  edge of T - 3 .  B i o l o g i c a l  samples taken  a t  Barrow 

included k e l p ,  j e l l y f i s h ,  f i s h ,  worms, isopods,  and several amphipods 

which l i v e d  i n  t h e  ice-water i n t e r f a c e .  

A t  T-3, an unusual  fungus was c o l l e c t e d .  Attempts were made t o  s a m p l e  

an a c o u s t i c  s c a t t e r i n g  l a y e r  a t  123 f e e t  which w a s  c l e a r l y  v i s i b l e  as b io lu-  

minescence. 

graphed. A l a r g e  f r a c t u r e  extending i n t o  t h e  i s l a n d  w a s  observed. The 

change i n  s l o p e  from t h e  h o r i z o n t a l  sea ice t o  t h e  n e a r - v e r t i c a l  edge of 

t h e  i s l a n d  took about  t h r e e  f e e t ;  t h i s  edge extended down t o  about  65 feet .  

The c o n t a c t  between T-3 and sea i c e  w a s  measured and photo- 
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Samples of t h e  s k e l e t a l  l a y e r  a t  t h e  sea ice-water i n t e r f a c e  were brought 

t o  t h e  s u r f a c e  and p re l imina ry  measures of t h e  d i s t r i b u t i o n  of t h i ckness  

of t h i s  l a y e r  were made around t h e  d i v i n g  ho le .  Thicknesses  of a few 

inches  were predominant,  and t h e  l a t t i c e  had some s t r e n g t h  w i t h i n  i t s e l f  

and i t s  at tachment  t o  s o l i d  ice. 

A team of experienced d i v e r s  was a b l e  t o  work under a r c t i c  sea i c e  t o  

s u f f i c i e n t  dep ths ,  d i s t a n c e s ,  and d u r a t i o n s  t o  make d e t a i l e d  measurements 

of t h e  unde rpor t ions  of r i d g e s .  

and techniques  should permit  improvements i n  s a f e t y  and work c a p a c i t y  of 

d i v e r s  under sea i c e .  

Experience wi th  a v a r i e t y  of equipment 
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1 9 7 1  A I D J E X  WATER STRESS PILOT STUDIES 

INTRODUCTION 

by 
J. Dungan Smith 

A f i e l d  program s i m i l a r  t o  t h e  1970 A I D J E X  p i l o t  s tudy  is planned 

f o r  March 1971 a t  t h e  Po la r  Cont inenta l  Shelf  P r o j e c t  ice  f l o e  camp 

(Camp 200) i n  t h e  Beaufort  Sea. 

are (1) t o  provide  a comparison of p o s s i b l e  methods of measuring stress 

t r ansmiss ion  between t h e  Arctic Ocean and i t s  cover of sea ice  and ( 2 )  t o  

provide  background informat ion  on s e v e r a l  ques t ions  c r i t i c a l l y  important  

t o  des ign ing  t h e  main phase of AIDJEX. 

The oceanographic g o a l s  of t h i s  program 

Within t h i s  second g o a l  f a l l  such ques t ions  as whether t h e  i n t e r i o r  

f low i n  t h e  A r c t i c  Ocean i s  i n  geos t roph ic  ba lance ;  what l e v e l  of coherence 

i n  t h e  a r c t i c  water l a y e r  (about  50 meters below t h e  i c e  cover)  can be  

expected on scales of a few m i l e s  t o  a few t ens  of m i l e s ;  whether t r a n s i e n t  

c u r r e n t s  i n  t h e  upper pycnocl ine r eg ion  are important  t o  sea- ice  deformation;  

whether l o c a l  water-stress measurements can b e  ex t r apo la t ed  t o  the  r e g i o n a l  

s c a l e s  of concern t o  A I D J E X ;  whether t h e  e f f e c t s  of l o c a l  topography of t h e  

oceanic  boundary l a y e r  can b e  adequate ly  accounted f o r ;  and whether t h e  

e f f e c t s  of uns t ead iness  i n  t h e  boundary l a y e r  can b e  handled as i t  a f f e c t s  

t h e  water-stress problem. 

Fcillowing t h e  same procedure as i n  1970, Camp 200 w i l l  b e  s p l i t  i n t o  

subcamps, each a more o r  less se l f -conta ined  u n i t  handl ing its own l o g i s t i c s  

t o  s u i t  t h e  work i t  is doing. P resen t  p l ans  c a l l  f o r  a Canadian Department 

of  Energy, Mines and Resources camp, a n  AIDJEX water-stress camp, and 

poss ib ly  an  AIDJEX air-stress/ice-morphology camp. 

f eed  from 12  t o  15 people .  I n  connect ion wi th  the  water-stress camp, two 

s m a l l  hydrographic  s t a t i o n s  w i t h  two people  each w i l l  b e  l o c a t e d  on t h e  

f l o e  i ce  about  10  and 20 m i l e s  from Camp 200. 

Each w i l l  house and 
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Three p r o j e c t s  w i l l  opera te^- through t h e  water-stress camp: 

(It) a n  Ekman boundary l a y e r  s tudy  under t h e  d i r e c t i o n  of D r .  Kenneth 

Hunkins of t h e  Lamont-Doherty Geologica l  Observatory,  Columbia 

Uriivers i t  y ; 

(;!) a boundary l a y e r  i n v e s t i g a t i o n  d i r e c t e d  by D r .  J. Dungan Smith,  

Departments of Oceanography and Geophysics, Un ive r s i ty  of 

Washing t o n  ; 

(3) an in t e r io r - f low p r o j e c t  under t h e  d i r e c t i o n  of D r .  L .  K .  Coachman, 

Department of Oceanography, Un ive r s i ty  of Washington. 

The f i r s t :  two of t h e s e  s t u d i e s  w i l l  b e  loca t ed  e n t i r e l y  a t  t h e  main camp 

and w i l l  r e q u i r e  t h r e e  and seven men; r e s p e c t i v e l y .  The in t e r io r - f low 

p r o j e c t  w i l l  o p e r a t e  wi th  two men a t  t h e  main camp and two men a t  each of 

t h e  o u t e r  hydrographic  s t a t i o n s .  

The abovementioned p r o j e c t s  are descr ibed  on t h e  fo l lowing  pages. 

S ince  Smith 's  and Coachman's p r o j e c t s  were combined i n  a j o i n t  p roposa l ,  

t h e i r  p r o j e c t  d e s c r i p t i o n s  are a l s o  combined under a Un ive r s i ty  of Washington 

heading. 
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LAMONT MEASUREMENTS OF WATER STRESS AND OCEAN CURRENTS 

by 
Kenneth Hunkins 

Backaround- 

The o b j e c t i v e  of t h i s  AIDJEX p r o j e c t  is t h e  measurement of t h e  

stress on t h e  ice pack and i t s  ensuing deformation.  One of t h e  important  

stresses is  t h a t  of t h e  water on t h e  unders ide  of t h e  ice. In  gene ra l  

t h i s  w i l l  b e  a d rag ,  tending  t o  r e t a r d  the  i c e  which is being d r i v e n  by 

t h e  wind. 

The drag  caused by t h e  bottom of the  ice  w i l l  b e  a combination of 

Skin  f r i c t i o n  w i l l  dominate f o r  r e l a t i v e l y  s k i n  f r i c t i o n  and form drag .  

smooth, level f l o e s .  

hummocked areas w i t h  many p r e s s u r e  r i d g e s .  Rough c a l c u l a t i o n s ,  based on 

our meagre knowledge of i ce  roughness s t a t i s t i c s ,  i n d i c a t e  t h a t  t h e  two 

types  of drag  w i l l  b e  of about  equa l  importance.  

u l t i m a t e l y  t o  arr ive a t  e f f e c t i v e  drag  c o e f f i c i e n t s  f o r  v a r i o u s  p a r t s  of 

t h e  A I D J E X  a r r a y  which w i l l  b e  used f o r  c a l c u l a t i n g  t h e  stress from t h e  

formula 

Form o r  p r e s s u r e  drag  w i l l  domiante f o r  heav i ly  

It w i l l  b e  necessary  

‘I = p cd v 2  
wh er e 

T = w a t e r  stress, 

p = water d e n s i t y ,  

cd = e f f e c t i v e  drag  c o e f f i c i e n t ,  and 

V = r e l a t i v e  v e l o c i t y  between i c e  and water 
a t  a f i x e d  depth .  

The e f f e c t i v e  drag  c o e f f i c i e n t  w i l l  depend on t h e  roughness of ice i n  the 

p a r t i c u l a r  area. P r o f i l e s  of under- ice  roughness w i l l  assess t h e  s t a t i s t i c s  

of r i d g e  r o o t s  and smooth ice. Then, based on a knowledge of t h e  form and 

f r i c t i o n  drag  of t h e s e  f e a t u r e s ,  an e f f e c t i v e  drag c o e f f i c i e n t  can b e  

ass igned  t o  t h e  area. Emphasis i n  t h e  p i l o t  s tudy  w i l l  b e  on developing 
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t echniques  f o r  e v a l u a t i n g  form and f r i c t i o n  d rag  beneath d i f f e r e n t  types 

of ice. 

Two d i f f e r e n t  techniques  have been used wi th  some success  f o r  t h e  

measurement of f r i c t i o n  d rag  beneath pack ice: t h e  p r o f i l e  method and 

t h e  eddy f l u x  method. 

c u r r e n t  meters t o  g i v e  a p r o f i l e  of v e l o c i t i e s .  P r o f i l e s  i n  both  t h e  

f r i c t i o n a l  boundary l a y e r  and t h e  Ekman boundary l a y e r  have been used i n  

t h e  p a s t  t o  measure water stress. Unte r s t e ine r  and Badgley (1965) measured 

c u r r e n t  p r o f i l e s  t o  a depth  of f o u r  meters. Thei r  r e s u l t s ,  i n  t h e  f r i c t i o n a l  

boundary l a y e r ,  were i n t e r p r e t e d  i n  terms of P r a n d t l  theory .  Hunkins (1966) 

measured c u r r e n t  v e l o c i t i e s  t o  a depth of 32 meters which he  i n t e r p r e t e d  

i n  terms of Ekman l a y e r  theory  wi th  a t h i n  Prandt l - type  l a y e r  immediately 

below t h e  ice.  These two i n v e s t i g a t i o n s  y i e lded  roughly equ iva len t  r e s u l t s .  

When t r a n s l a t e d  i n t o  terms of P r a n d t l  theory ,  t h e  r e s u l t s  of Hunkins a re  

equ iva len t  t o  a roughness l e n g t h  of about  1 cm.  Un te r s t e ine r  and Badgley 

found t h e  roughness l e n g t h  t o  v a r y  widely around an  average of 2 cm. 

The p r o f i l e  method u t i l i z e s  a v e r t i c a l  s t r i n g  of 

Sov ie t  workers have measured Reynolds stresses beneath an  i c e  f l o e  

us ing  a hot-wire  ins t rument  (Kolesnikov e t  a l . ,  1965).  Their  r e s u l t s  w i th  

t h e  eddy f l u x  method b racke t  t h e  stress va lues  found by t h e  p r o f i l e  method 

as determined by Hunkins. 

Ocean c u r r e n t s  beneath t h e  i c e  are i n  p a r t  generated by the  wind- 

d r i v e n  ice. A t  times t h e s e  c u r r e n t s  may p e r s i s t  a f t e r  t h e  i c e  s t o p s  moving. 

I n  t h i s  case t h e  water stress may b e  a d r i v i n g  f o r c e  r a t h e r  than  a drag .  

For t h i s  reason  i t  is d e s i r a b l e  t o  b e t t e r  understand t h e  complex system of 

t r a n s i e n t  and permanent c u r r e n t s  i n  t h e  upper l a y e r s  of t h e  A r c t i c  Ocean. 

Curren t  obse rva t ions  i n  t h e s e  upper l a y e r s  have revea led  s w i f t  c u r r e n t s  

i n  t h e  r eg ion  between 50 and 100 m (Belyakov, 1968) and between 100 and 

200 m ( G a l t ,  1967) .  Fu r the r  obse rva t ions  of t h e s e  c u r r e n t s ,  as y e t  unpub- 

l i s h e d ,  have been made by Hunkins i n  1968 and 1970 a t  T-3. The r e l a t i o n  

of t h e s e  r e l a t i v e l y  ex t r a - swi f t  c u r r e n t s  t o  i c e  d r i f t  i s  no t  c l e a r ,  and 

f u r t h e r  i n v e s t i g a t i o n  is necessary .  
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Research P lan  

(1) Water stress w i l l  b e  determined by t h e  Ekman s p i r a l  method 

us ing  a v e r t i c a l  s t r i n g  of Savonius r o t o r  c u r r e n t  meters. A p r o f i l e  of 

c u r r e n t s  through t h e  Ekman boundary l a y e r  w i l l  b e  obta ined  cont inuous ly  

as a f u n c t i o n  of time. This  s t r i n g  of meters w i l l  a l s o  f u r n i s h  d a t a  on 

t h e  ocean c u r r e n t  behavior  i n  t h e  upper l a y e r s .  

and d i r e c t i o n  s e n s o r s  w i l l  b e  c a r r i e d  t o  t h e  s u r f a c e  by a cab le .  The 

s i g n a l s  w i l l  b e  converted t o  analog vo l t ages  and recorded wi th  a mul t i -  

p o i n t  s e rvo  r eco rde r .  

i n  t h e  i n t e r e s t s  of economy and f i e l d  s i m p l i c i t y .  The c u r r e n t  meter system 

and d a t a  r e d u c t i o n  method have been developed over  s e v e r a l  y e a r s  of r e sea rch  

a t  F l e t c h e r ' s  Ice I s l a n d  (T-3). However, t h e r e  has  been no oppor tun i ty  t o  

make boundary l a y e r  measurements a t  T-3 because of t h e  l a r g e  d r a f t  of the 

ice i s l a n d .  

Output from t h e  speed 

The analog c h a r t s  w i l l  b e  la ter  d i g i t i z e d  a t  Lamont 

It is expected t h a t  t h e  Ekman-layer method may b e  most e f f e c t i v e  a t  

t h e  lower wind and ice  speeds ,  w i th  t h e  p r o f i l e  approximating a s i m p l e  

Ekman model. A t  h ighe r  speeds ,  i n s t a b i l i t y  w i l l  probably produce h e l i c a l  

v o r t i c e s .  Under unsteady c o n d i t i o n s ,  i n e r t i a l  o s c i l l a t i o n s  (per iod  approxi- 

mately 1 2  hours  i n  the  A r c t i c  Ocean) are commonly observed a n d a r e  to be 

expected t h e o r e t i c a l l y  (Hunkins , 1967) . Averaging procedures  w i l l  be used 

t o  a r r i v e  a t  t h e  mean Ekman flow t o  b e  used f o r  stress de termina t ion .  

(2) A hot-semiconductor o r  hot-wire  c u r r e n t  meter w i l l  b e  developed 

f o r  measuring water stress by t h e  eddy f l u x  method. 

Reynolds stress) method provides  a d e s i r a b l e  supplement and check f o r  t h e  

Ekman method of p a r t  (1). The aim is  t o  develop an a r r a y  of hot-wire 

ins t ruments  w i th  d i r e c t i o n a l  s e n s i t i v i t y  and response  time i n  t h e  neighbor- 

hood of 1 sec. Measurements w i l l  b e  made i n  t h e  f r i c t i o n a l  boundary l a y e r ,  

w i t h i n  which stress i s  independent of h e i g h t .  This l a y e r  ex tends  about  

1 m below t h e  lower i ce  boundary. 

The eddy f l u x  ( o r  

The t u r b u l e n t  momentum f l u x  r e s u l t s  

i n  a stress, T = p u'  w '  
where 

p = water d e n s i t y ,  

u '  = h o r i z o n t a l  c u r r e n t  f l u c t u a t i o n  i n  

w '  = vert ical  c u r r e n t  f l u c t u a t i o n .  

d i r e c t i o n  of mean h o r i z o n t a l  f low,  
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The stresses determined by t h i s  method w i l l  r e p r e s e n t  t h e  average  

stress over  a l i m i t e d  area i n  t h e  v i c i n i t y  of t h e  ins t rument .  These v a l u e s  

may then  b e  compared w i t h  t h e  Ekman method which should i n t e g r a t e  s t r e s s  

over  a much l a r g e r  area since t h e  Ekman boundary l a y e r  is  between one 

and two o r d e r s  of magnitude t h i c k e r  t han  t h e  f r i c t i o n a l  boundary l a y e r .  

The comparison should provide  some assessment of drag  provided by d i f  f w e n t  

t ypes  of i ce ,  smooth and hummocked. 

The hot-wire instrument i s  s t i l l  be ing  developed. It i s  hoped t o  

have a p ro to type  f o r  t h e  1971 p i l o t  p r o j e c t ,  b u t  t h e r e  is a p o s s i b i l i t y  

t h a t  it w i l l  n o t  b e  ready  f o r  f i e l d  u s e  u n t i l  1972.  
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UNIVERSITY OF WASHINGTON WATER STRESS STUDIES 

by 
L. K. Coachman and J. Dungan Smith 

The 1 9 7 1  p r o j e c t  o b j e c t i v e s  are  t h e  same as t h o s e  of  t h e  1970 s tudy :  

(1) measurement of t h e  t i m e -  and space-dependent v e l o c i t y  and Reynolds 

stress f i e l d s  i n  t h e  boundary l a y e r  under t h e  ice,  w i t h  t y p i c a l  topography, 

us ing  t h e  mechanical current-meter systems of  Kl ink  and Smith; (2) c u r r e n t  

measurements t o  re la te  t h e  deeper  flows t o  those  i n  t h e  boundary l a y e r  and 

t o  determine t h e  h o r i z o n t a l  coherence of t h e  f lows a t  v a r i o u s  scales up t o  

about  30 m i l e s ;  (3) hydrographic measurements t o  determine t h e  approach t o  

geostrophy of t h e  Arctic Ocean flow; and ( 4 )  a c c u r a t e  p o s i t i o n i n g  of s t a t i o n s  

by Decca-Lambda t o  permit  s t r a i n  c a l c u l a t i o n s .  

Boundary Layer Measurements 

I n  t h e  1970 p i l o t  s tudy  ( i n  t h i s  B u l l e t i n )  w e  employed a s i n g l e  i n s t r u -  

ment frame under t h e  ice s i t u a t e d  i n  t h e  same p o s i t i o n  throughout t h e  

experiment.  W e  expected t o  have d i f f i c u l t i e s  due t o  nonuniform f l o w ,  s o  

we  made every e f f o r t  t o  f i n d  a f la t -bot tomed p i e c e  of  i c e .  However, w e  

discovered t h a t  t h e  bottom of  t h e  i ce  w a s  n o t  f l a t ;  i t  w a s  composed of 

depress ions  and domes, r i d g e s  and v a l l e y s ,  w i t h  spac ings  of a few t e n s  of 

meters. Our sample of t h e  p o l a r  i ce  i s  s m a l l ,  bu t  w e  see no reason  t o  

b e l i e v e  t h a t  smoother i ce  is  more t y p i c a l  than  t h e  type  of i c e  i n  which w e  

worked. Moreover, t h i s  op in ion  is  enhanced by t h e  a v a i l a b l e  n u c l e a r  

submarine echo-sounding p r o f i l e s  of t h e  unders ide  of t h e  ice .  I f  our  

sample is  indeed t y p i c a l ,  t h e  magnitude and s t e e p n e s s  of t h e  under-ice 

topograiphy e l i m i n a t e s  any p o s s i b i l i t y  of us ing  t h e  s tandard  f r i c t i o n a l  

boundary l a y e r  p r o f i l e  methods t o  determine t h e  under-ice stress and 

ve1ocit.y f i e l d s .  The q u e s t i o n  t h e n  arises as t o  whether t h e  Ekman l a y e r  

p r o f i l e  method used by Hunkins (1966) can be  s u b s t i t u t e d  f o r  f r i c t i o n a l  

boundary l a y e r  p r o f i l e  methods and whether h i s  method can be used i n  

unsteady flow. It is impera t ive  t o  examine t h e  v a l i d i t y  of t h i s  procedure 

b e f o r e  cont inuing  w i t h  r o u t i n e  measurement of t h i s  type  i n  t h e  main phase 

of A I D J E X  . 
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A s  desc r ibed  p rev ious ly ,  t h e  n a t u r a l  boundary l a y e r  flows a r e  

uns teady  as w e l l  as nonuniform. Moreover, t h e  pe r iods  of g r e a t e s t  i n t e r e s t  

t o  i c e  deformat ion  problems occur  du r ing  s torms ,  dur ing  which t h e  flow i s  

unsteady and t h e  stresses are many t i m e s  s t r o n g e r  than  t h e  s t e a d y  flow 

stresses. There fo re ,  a comprehensive set of d a t a  must i n c l u d e  a long t i m e  

series of v e l o c i t y  and Reynolds stress measurements a t  a s i n g l e  l o c a t i o n .  

To p rope r ly  measure t h e  flow i n  t h e  boundary l a y e r  under a n  ice s h e e t  

of nonuniform t h i c k n e s s ,  in format ion  is  needed s imul taneous ly  from many 

s u i t a b l y  l o c a t e d  s t r i n g s  of c u r r e n t  meters. Unfo r tuna te ly  t h i s  i s  

f i n a n c i a l l y  and l o g i s t i c a l l y  impractical. However, as long as t h e  f low 

varies on ly  slowly with t i m e ,  s t a t i o n a r y  and movable masts can be  used t o  

o b t a i n  t h e  necessa ry  d a t a .  I n  t h i s  s tudy  w e  p l an  t o  ins t rument  t h r e e  

masts: one f i x e d  and two movable. We w i l l  u s e  two movable masts because,  

a l though on most days w e  can expect t o  make on ly  two d i v e s ,  w e  want t o  

measure c u r r e n t s  a t  seven ,  r a t h e r  than  f o u r ,  l o c a t i o n s  p e r  day. The t a p e  

r e c o r d e r s  are expensive,  so w e  p l an  t o  record  d a t a  from on ly  two masts a t  

a t i m e ,  swi tch ing  between t h e  movable masts every f o r t y  minutes o r  s o .  

The c u r r e n t s  may change s l i g h t l y  w i t h  t i m e ;  i t  is t h e r e f o r e  e s s e n t i a l  t o  

record  c u r r e n t s  s imul taneous ly  a t  two masts. 

T h e  under-ice topography w i l l  be  measured and analyzed by t h e  same 

procedures as employed i n  t h e  1970 s tudy .  Cur ren t s  w i l l  be  measured by 

meters of t h e  t y p e  desc r ibed  i n  t h e  1970 r e p o r t .  They w i l l  be  mounted n 

or thogonal  t r i p l e t s  a t  f i v e  p o s i t i o n s  on each of t h r e e  masts. Data from 

t h e s e  meters w i l l  b e  t r a n s m i t t e d  from t h e  masts through t h r e e  s p e c i a l  

ins t rument  c a b l e s  designed f o r  u se  i n  -50°F temperature.  

w i l l  t e rmina te  i n  a main swi tch ing  box u n i t  which w i l l  a l s o  c o n t a i n  t h e  

power s u p p l i e s  f o r  t h e  c u r r e n t  meter l i g h t s .  From t h e  swi tch ing  box t h e  

s i g n a l s  w i l l  l e a d  t o  t h e  two Pemco 120 tape r e c o r d e r s ,  a monitor scope 

bank, and t h e  p re l imina ry  p rocess ing  c h a s s i s .  A t  t h i s  p o i n t  t h e  s i g n a l s  

from any c a b l e  can  be switched t o  any of f o u r  ou tpu t  c a b l e s .  

t h e  s i g n a l s  from t h e  s t a t i o n a r y  frame w i l l  l e a d  t o  t h e  f i r s t  t a p e  r e c o r d e r ,  

and t h e  s i g n a l s  from t h e  movable frame w i l l  be switched t o  t h e  second 

t a p e  r eco rde r  a l t e r n a t e l y ,  w i t h  about a 40-minute c y c l e  t i m e .  The i n p u t s  

These c a b l e s  

O r d i n a r i l y ,  
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from al.1 t h e  frames w i l l  b e  monitored p e r i o d i c a l l y  w i t h  t h e  monitor scope 

s e c t i o n  t o  make su re  t h e  c u r r e n t  meters are o p e r a t i n g  c o r r e c t l y .  

a d d i t i o n ,  t h e  s i g n a l s  on t h e  tapes  w i l l  b e  monitored p e r i o d i c a l l y  t o  make 

s u r e  t h e  t a p e  r e c o r d e r s  are working c o r r e c t l y .  This  type  of cont inuous 

s i g n a l  moni tor ing  i s  a b s o l u t e l y  necessary  t o  o b t a i n  e r r o r - f r e e ,  high- 

q u a l i t y  c u r r e n t  d a t a .  

I n  

The process ing  c h a s s i s  can b e  connected t o  any of t h e  i n p u t  s i g n a l s  

t o  p r o v i d e a n a l o g  o u t p u t s  o r p u l s e  o u t p u t s  which d r i v e  a 14-channel up-down 

counter  u n i t  capable  of g i v i n g  t h e  average c u r r e n t s  a t  any t i m e .  

l a t t e r  u n i t  w i l l  b e  used t o  g e t  average c u r r e n t s  a t  each of t h e  frames a t  

least once a t  each l o c a t i o n ,  thus providing t h e  necessary  f i e l d  monitor ing 

of t h e  experiment.  

mean v e l o c i t y  p r o f i l e s ,  w e  w i l l  know t h a t  a d d i t i o n a l  d a t a  must b e  taken 

between t h e s e  p o s i t i o n s ;  i f  two s t a t i o n s  show v e r y  l i t t l e  v a r i a t i o n ,  w e  

w i l l  know t h a t  w e  can widen t h e  s t a t i o n  spacing.  

t h i s  t y p e  i s  e s s e n t i a l  i f  maximum informat ion  about a complicated f low 

f i e l d  is t o  b e  gained from r e l a t i v e l y  few s e n s o r s .  The a b i l i t y  t o  process  

some d a t a  i n  t h e  f i e l d  makes t h e  d i f f e r e n c e  between a well-designed experi-  

ment which can b e  a l t e r e d  t o  f i t  t h e  environment when necessary and b l i n d  

d a t a  g a t h e r i n g .  

This  

For example, i f  two c l o s e l y  spaced masts show s t r a n g e  

F i e l d  monitor ing of 

F i n a l  process ing  of t h e  d a t a  w i l l  b e  done i n  Sea t t le  on t h e  

U n i v e r s i t y  of Washington CDC 6400 computer. The d a t a  w i l l  b e  read through 

t h e  Atmospheric Sc iences  Department d a t a  process ing  system, which i s  

i d e a l l y  s u i t e d  t o  accept  p u l s e  d a t a  from our t a p e  r e c o r d e r s  and conver t  i t  

t o  " instantaneous" v e l o c i t i e s  s t o r e d  an d i g i t a l  magnetic t a p e  compatible 

w i t h  CDC 6400. Mean v e l o c i t y  f i e l d s  and Reynolds stress f i e l d s  w i l l  b e  

c a l c u l a t e d .  I n  a d d i t i o n ,  t h e  frequency composition of t h e  Reynolds stress 

t e n s o r  and several o t h e r  s t a n d a r d  s t a t i s t i c a l  r e l a t i o n s h i p s  w i l l  b e  

analyzed u s i n g  a v a i l a b l e  f a s t  F o u r i e r  t ransform programs. 

The s t r u c t u r e  of t h e  mean f i e l d s  w i l l  b e  examined us ing  t h e  

measured bottom topography and nonuniform t u r b u l e n t  boundary l a y e r  theory.  

A s i m i l a r  approach has  been used by Smith (1969, 1970) t o  i n t e r p r e t  non- 

uniform flow measurements i n  r ivers and e s t u a r i e s  , al though three-dimensional 

and C o r i o l i s  e f f e c t s  must b e  included i n  t h e  a n a l y s i s  of t h e  under-ice f low.  
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I n t e r i o r  Flow Measurements 

F igu re  1 i l l u s t r a t e s  s chemat i ca l ly  t h e  proposed p i l o t  s tudy .  The 

b a s e  camp w i l l  b e  on an  o ld  po la r  f l o e  s u i t a b l e  f o r  long-term occupancy. 

The boundary l a y e r  s tudy  equipment w i l l  b e  deployed a t  base  camp. 

w i l l  b e  monitored wi th  a record ing  anemometer system t o  c o r r e l a t e  w i th  

t h e  water stress, and record ing  a s soc ia t ed  wi th  t h e  boundary l a y e r  s t u d i e s  

w i l l  b e  accomplished h e r e .  Decca-Lambda gea r  w i l l  b e  used t o  monitor  the  

s t a t i o n  p o s i t i o n .  

Wind 

‘The two s a t e l l i t e  hydrographic  s t a t i o n s  w i l l  b e  placed on i c e  

s u f f i c i e n t l y  t h i c k  t o  l a s t  t h e  d u r a t i o n  of t h e  experiment.  One b u i l d i n g  

a t  each s t a t i o n  w i l l  s e r v e  both  as hydros t a t ion  and as housing f o r  t h e  

two-man team. Decca-Lambda gear  w i l l  monitor  t h e  s t a t i o n  p o s i t i o n s  t o  

fo l low the  deformation of t h e  t r i a n g l e  and provide  t h e  informat ion  f o r  

convert:ing t h e  measured r e l a t i v e  water motion t o  t r u e  c u r r e n t s .  

The main s t r i n g  of c u r r e n t  meters w i l l  b e  loca t ed  i n  t h e  middle  of 

t h e  t r i a n g l e  t o  measure c u r r e n t s  a t  t h e  fo l lowing  depths :  

10 m Ekman l a y e r  

50 m s u r f a c e  ( a r c t i c )  water beneath Elanan l a y e r  

t op ,  middle ,  bottom of pycnocl ine % 
250 m 

500 m co re  of A t l a n t i c  water 

These depths  inc lude  t h e  major components of t h e  w a t e r  m a s s  s t r u c t u r e  and 

flow regime ( f o r  example, see Coachman, 1968) .  

A t  t h e  a p i c e s  of t h e  s t a t i o n  t r i a n g l e ,  meters w i l l  be  used a t  10  m 

and 50 ni depth ,  a l lowing  examination of coherence of h o r i z o n t a l  flow over  

space  s c a l e s  of 5 t o  30 n a u t i c a l  m i l e s .  These depths  are w i t h i n  and j u s t  

beneath t h e  f r i c t i o n a l l y  inf luenced  l a y e r ,  t h e  seemingly m o s t  l o g i c a l  

levels t o  monitor  c u r r e n t s  f o r  u l t i m a t e l y  r e l a t i n g  t h e  flow f i e l d  t o  t h e  

stress f i e l d .  

Hydrographic casts w i l l  b e  made s imul taneous ly  every few hours  f o r  

a t  least: t e n  days.  T q p e r a t u r e  and s a l i n i t y  w i l l  be sampled a t  depths  of 

30, 60, 100,  140,  180,  220, 260, 300, 350, and 500 m. ( I n  c o n t r a s t ,  t h e  

equ iva len t  program i n  t h e  open sea would r e q u i r e  fou r  s h i p s . )  By comparing 
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2 Parcolls ( l i v i n g )  Decca/Lambda 
1 Parco11 (e lec t ronics )  water s t r e s s  including 

2 current meters (10,50m) 
d i v i n g  
hydros t a  t i on 

1 Parco11 o r  f iberg lass  

1 longhouse t e n t  (shop) 
1 1 onghouse tent (generator) 
1 Parco1 1 (hydrostation) wind monitor 

topographic e f f e c t s  
igloo ( d i v i n g )  

6 current  meters 
(10, 50, 100, 
150, 250, 500) 

‘L 10 miles % 20 miles 

SATELLITE 2 

Hydros t a t  i on 
2 current  meters (10,50m) 

Hydros t a  t i o n 

Decca/ Lambda 
2 current  meters (10,50m) 

F igure  1. Schematic i l l u s t r a t i o n  of 1961 water-stress s tudy .  
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t h e  observed c u r r e n t s  w i t h  those  computed from temperature  and s a l i n i t y ,  

t h e  experiment w i l l  h e l p  t o  r e s o l v e  two important  problems: one,  

s e p a r a t i n g  t h e  two geos t roph ic  modes, b a r o t r o p i c  and b a r o c l i n i c ;  and two, 

de te rmining  t h e  degree  t o  which geostrophy is  approached. Information 

about  t h e s e  ques t ions  is fundamental  t o  t h e  most e f f i c i e n t  and economical 

des ign  of A I D J E X ,  and t h e  s o l u t i o n s  w i l l  b e  of g r e a t  gene ra l  oceanographic 

interest. 
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