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p .  1 ,  1 s t  g a r ? \ . ,  9tl- l i ne :  omit are  a t  end o E  l i n e .  
D. 9,  11 : VASA-Ames Expedition ''znager's name i s  Earl Petersen. 

- 

p .  13 ,  2 n d  l i r e  fror: b o t t o m :  ' I . .  .a double-cross ra t terr!  be own.. . I '  

p .  1 3 .  4tt- line from bo t tom:  " . . . t h e n  a s?arD d r o o  . . . I '  

p .  74. dnder :*'arc6 i 5 :  
;. 3 1 .  2 n d  zara . .  l a s t  sentence:  
3 .  C L ,  2 - 3  Y Z V E . .  I i q e :  

- 
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FOREWORD 

Coordinated AIDJEX pilot studies were conducted during 

March and April, 1971, on the Beaufort Sea. The questions to 

be investigated, experiment designs, and operating plans were 

deslcribed in Bulletins 4 and 5 prior to the field studies. 

This issue, Bulletin 8 ,  contains brief narratives 

describing how the activities were conducted. Assessment 

of results and the design of further pilot studies will be 

discussed at a general AIDJEX coordination meeting in Seattle 

in mid-June and will be subsequently reported in the Bulletin. 

Bulletin 7, "Arctic Data Buoy and Positioning Systems," 

is now being prepared; it will appear within the next two 

weeks. 
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THE CRREL-USGS PROGRAM AT CAMP 200: A POST-OPERATIONS SUMMARY 

by 

W. F. Weeks and W. J. Campbell 

I n t r o d u c t i o n  

The most i n t e n s i v e  a i r b o r n e  remote sens ing  and ground t r u t h  

i n v e s t i g a t i o n s  e v e r  made of sea ice  took p l a c e  du r ing  t h e  1971 A I D J E X  

p i l o t  e x p e d i t i o n  t o  t h e  Beaufor t  Sea. Mul t ip l e  mis s ions  over  and around 

t h e  AIDJEX s i te  a t  74'N, 131OW were performed by t h r e e  remote-sensing 

a i r c r a f t :  t h e  NASA Convair 990, t h e  U.S. Coast Guard Hercules ,  and t h e  

Navy "Birdseye" C o n s t e l l a t i o n .  

l i s h i n g  a t e l l u r o m e t e r  deformat ion  t r i a n g l e  and occupying i t  dur ing  a l l  

b u t  two of t h e  a i r c r a f t  o v e r f l i g h t s .  

k i n d s  of d a t a  were ob ta ined :  

area of sea i c e ;  (2)  mesoscale deformat ions  of sea i c e ;  (3) microwave 

e m i s s i v i t i e s  of sea ice. 

and ground t r u t h  experiment w a s  a success .  

The ground t r u t h  team succeeded i n  e s t ab -  

For t h e  f i r s t  t i m e  t h e  fo l lowing  

(1) s e q u e n t i a l  s y n o p t i c  imagery of a g iven  are 

I n  s h o r t ,  we  b e l i e v e  t h a t  t h i s  remote sens ing  

F i e l d  Experiment 

The fo l lowing  i s  a ch rono log ica l  n a r r a t i v e  of t h e  work on t h e  i c e .  

For a complementary d e s c r i p t i o n  of what went on i n  t h e  NASA Convair 990 

a i r c r a f t ,  r ead  t h e  r e p o r t  of Ann D. Moen, U.S.G.S.,  g iven  e l sewhere  i n  

t h i s  Bu1l.eti.n. 

A f t e r  l e a v i n g  Hanover and Tacoma on March 3,  t h e  members of t h e  

CRREL-USGS f i e l d  p a r t y  m e t  i n  Edmonton and proceeded on t o  Inuvik  and 

Tuktoyaktuk on t h e  4 th .  

( roughly  1500 pounds) t h a t  evening and l e f t  t h e  nex t  morning f o r  Camp 200, 

w i t h  t h e  p r o j e c t  pe r sonne l  fo l lowing  by S i n g l e  Otter i n  t h e  a f t e rnoon .  

The weather  d u r i n g  the f l i g h t  was b e a u t i f u l ,  a l l owing  us t o  t a k e  a l a r g e  

number of photographs of t h e  r i d g i n g .  

c l e a r l y  d e f i n e d  double  r i d g e s  and many l e a d s  i n  t h e  margina l  zone between 

The Twin Otter w a s  loaded w i t h  p r o j e c t  equipment 

Of p a r t i c u l a r  i n t e r e s t  w e r e  s e v e r a l  
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t h e  s h o r e f a s t  i c e  and t h e  pack i c e .  The on ly  rubble  f i e l d s  w e  noted were 

i n  t h e  v i c i n i t y  of t h e  pack-ice f a s t  i c e  boundary. 

We a r r i v e d  a t  Camp 200 a t  1800. A s  we approached t h e  camp p r i o r  

t o  l and ing ,  w e  could see t h a t ,  a l though t h e  camp was l o c a t e d  on a l a r g e  

mul t iyea r  f l o e ,  a number of c racks  c u t  a c r o s s  t h e  f l o e .  The runway i t s e l f  

w a s  s i t u a t e d  on f i r s t - y e a r  ice  ( 2  m t h i c k )  t h a t  w a s  a t t ached  t o  p a r t  of t h e  

t h i c k e r  mul t iyea r  f l o e .  On t h e  6 t h ,  w e  completed our  unpacking, checked 

t h e  t e l l u r o m e t e r s  and our  procedures ,  set up t h e  base  camp t e l l u r o m e t e r  

t e n t  on top  of t h e  messha l l ,  and made an on-foot reconnaissance  of  t h e  

p r e s s u r e  r i d g e s  i n  t h e  v i c i n i t y  of t h e  camp. We were a b l e  t o  t a k e  s e v e r a l  

photographs of t h e  l a t e ra l  p r o f i l e s  of well-developed r i d g e s .  It w a s  q u i t e  

co ld ,  t h e  a i r  tempera ture  about -40°C and t h e  1 cm i c e  tempera ture  (no snow) 

-36°C. 

The nex t  day w e  examined mul t iyea r  r i d g e s  and hummocks near camp 

and s e l e c t e d  a r e p r e s e n t a t i v e  l o c a t i o n  f o r  d e t a i l e d  s tudy .  We decided t o  

focus  ou r  s t u d i e s  on mul t iyea r  r i d g e s  because they  were r e a d i l y  a v a i l a b l e  

and because,  a l though they  have never  been s t u d i e d ,  t hey  are u s u a l l y  thought  

t o  be t h e  most formidable  sea- ice  o b s t a c l e  encountered by s u r f a c e  sh ipp ing  

and of f -shore  s t r u c t u r e s .  We completed a p r o f i l e  of snow- and i ce - su r face  

e l e v a t i o n s  over  t h e  r i d g e  ( s a i l  he igh t  roughly 3 m) and made a one-sonar 

p r o f i l e  of t h e  s i d e  of t h e  r i d g e  ( k e e l  depth  roughly 14 m). 

t h e  k e e l  w a s  app rec i ab ly  l a r g e r  than  t h e  width of t h e  s a i l ,  roughly ag ree ing  

w i t h  t h e  Wittmann-Makarov model. While w e  were working on t h e  s o n a r ,  t h e  

wind s t a r t e d  t o  i n c r e a s e  and t h e  working cond i t ions  became very  d i f f i c u l t .  

This  poor weather  cont inued through t h e  nex t  day (March 8) and delayed t h e  

e s t ab l i shmen t  of t h e  t e l l u r o m e t e r  sites. 

The width of 

Although poor v i s i b i l i t y  cont inued on t h e  9 t h ,  w e  e s t a b l i s h e d  

t e l l u r o m e t e r  s i t e  Alpha on a h o r i z o n t a l  (5 m d i ame te r ,  2 m t h i c k )  ice b lock  

l o c a t e d  i n  a long ,  appa ren t ly  i n a c t i v e ,  p r e s s u r e  r i d g e .  W e  w e r e  a b l e  t o  

g e t  a good s i g n a l  from t h e  base  camp t e l l u r o m e t e r .  A f t e r  s e t t i n g  up our  

t e n t  a t  t h e  s i te ,  w e  had t o  r e t u r n  t o  base  camp because t h e  h e l i c o p t e r  had 

a f a u l t y  seal  i n  t h e  h y d r a u l i c  system. 

The f i r s t  NASA o v e r f l i g h t  occurred a t  1700. During t h e  o v e r f l i g h t  

t h e  la teral  v i s i b i l i t y  w a s  roughly 5 m i l e s .  Because of t h e  v i s i b i l i t y  and 
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the  f a c t  t h a t  w e  had as y e t  been unable  t o  complete t h e  s t r a i n  t r i a n g l e ,  

t h e  a i r c r a f t  w a s  i n s t r u c t e d  t o  f l y  a four-legged s t a r  cen te red  over  t h e  

base  camp. One of t h e  l e g s  of t h e  star w a s  o r i e n t e d  s o  t h a t  t h e  a i r c r a f t  

would f l y  t h e  l i n e  between Alpha and t h e  b a s e  camp. 

t h e  fo l lowing  were measured a t  t h e  t e l l u r o m e t e r  s i t e  a t  Camp 200: a i r  

t e m p e r a t u r e ,  wind speed and d i r e c t i o n ,  v i s i b i l i t y ,  c e i l i n g ,  s u r f a c e  snow 

tempera ture ,  and ba romet r i c  p r e s s u r e .  The below-surface tempera tures  and 

s a l i n i t i e s  d id  no t  vary  a p p r e c i a b l y ,  s o  between f l i g h t s  tempera ture  and 

s a l i n i t y  p r o f i l e s w e r e  measured i n  t h e  snow and ice  a t  v a r i o u s  sites. 

During a l l  o v e r f l i g h t s  

Radio communications w i t h  t h e  a i r c r a f t  v i a  t h e  SSB ( s i n g l e  s i d e  

band) t r a n s c e i v e r  supp l i ed  by t h e  Canadians were g e n e r a l l y  e x c e l l e n t .  A l l  

remote-sensing a i r c r a f t  were a b l e  t o  p i c k  up and home i n  on t h e  r a d i o  beacon. 

The i n e r t i a l  guidance system i n  t h e  Convair 990 w a s  of g r e a t  h e l p  t o  t h e  

Camp 200 crew, i n  t h a t  f i x e s  of t h e  camp g iven  from t h e  a i r c r a f t  allowed 

t h e  Decca n a v i g a t i o n a l  g e a r ,  which has  an u n f o r t u n t e  p ropens i ty  f o r  making 

l a n e  jumps, t o  b e  c a l i b r a t e d  o c c a s i o n a l l y .  

sona r  s t u d i e s  of t h e  m u l t i y e a r  r i d g e .  

appeared t o  be a n e a r l y  v e r t i c a l  w a l l  of s o l i d  i c e .  

During t h e  a f t e r n o o n  w e  cont inued  

The k e e l  on one s i d e  of t h e  r i d g e  

On March 1 0 ,  S i t e  Alpha w a s  reoccupied and S i t e  Beta w a s  e s t a b l i s h e d  

We a t tempted  t o  t a k e  t e l l u r o m e t e r  r ead ings  a l l  day wi th  very  l i t t l e  luck .  

Even a f t e r  c o n t a c t  w a s  f i n a l l y  made between t h e  base  camp and t h e  Alpha and 

Beta s i tes ,  t h e  r ead ings  were c o n t r a d i c t o r y  and s i g n a l s  were weak. Contac t  

could no t  be  made between Alpha and Beta even though two d i f f e r e n t  t e l l u r -  

ometer l o c a t i o n s  were used. It  w a s  a t r y i n g  day. A number of ove r l app ing  

p r o f i l e  photographs were completed of a l a t e ra l  view of t h e  p r e s s u r e  r i d g e  

on which Alpha w a s  l o c a t e d .  I n  t h e  evening  w e  checked t h e  t e l l u r o m e t e r s  

over  a known d i s t a n c e  n e a r  camp. They gave s a t i s f a c t o r y  r ead ings .  

March 11 w a s  a b e a u t i f u l  day--calm, c l e a r ,  a i r  tempera ture  -2OOC. 

We moved S i t e  Beta c l o s e r  t o  t h e  base  camp, and a good l o c k  w a s  immediately 

made between Alpha and Beta. The r ead ings  between t h e s e  s t a t i o n s  ( d i s t a n c e  

about 8,350 m) were ex t remely  i n t e r e s t i n g ;  t h e y  i n d i c a t e d  a d i l a t i o n  of 

102 m ( a  1 . 2 %  s t r a i n )  i n  6 hours .  

t h i s  t i m e  p e r i o d .  

as 0.5 m,/sec. 

T h i r t y - t h r e e  r ead ings  w e r e  made du r ing  

Once t h e  d i l a t i o n  s t a r t e d ,  t h e  d i l a t i o n  rate w a s  as h igh  

Although both  Alpha and Beta w e r e  a b l e  t o  c o n t a c t  base  camp, 
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t h e  i n i t i a l  t e l l u r o m e t e r  r ead ings  were ambiguous. A f t e r  t h e  base  camp 

t e l l u r o m e t e r  w a s  changed, reasonable  r ead ings  were ob ta ined  wi th  Alpha. 

The r ead ings  between base  camp and Beta, however, cont inued t o  be con t r a -  

d i c t o r y .  

The second NASA miss ion  w a s  flown dur ing  t h e  a f t e rnoon .  A complete 

f l i g h t  sequence w a s  made, i n c l u d i n g  f l i g h t s  over  t h e  s t r a i n  t r i a n g l e .  The 

h igh  a l t i t u d e  SLAR and photographic  mis s ion  over  an  area of 60 x 83  km w i t h  

Camp 200 a t  i t s  c e n t e r  preceded t h e  low-level  mi s s ion  on every  f l i g h t .  The 

mosaic  images from t h e s e  mis s ions  w i l l  b e  i n v a l u a b l e  i n  i n t e r p r e t i n g  t h e  

s t r a i n  d a t a  and deformation f i e l d s .  The v i s i b i l i t y  du r ing  t h e  f l i g h t  w a s  

e x c e l l e n t .  Because of t h e  low sun a n g l e s ,  t h e  p r e s s u r e  r i d g e s  cast  ex t remely  

sha rp  shadows. Examination of t h e s e  shadows on t h e  aer ia l  photographs 

should  p rov ide  t h e  f i r s t  u s e f u l  i n fo rma t ion  on t h e  l o n g i t u d i n a l  p r o f i l e s  

of p r e s s u r e  r i d g e s .  On t h e  h e l i c o p t e r  t r i p  back t o  camp, w e  n o t i c e d  t h a t  

a l a r g e  number of l e a d s  had opened i n  t h e  annual  i ce  and t h a t  a l a r g e  c rack  

had s p l i t  t h e  m u l t i y e a r  f l o e  on which t h e  camp w a s  l o c a t e d .  W e  found on 

l and ing  t h a t  a 30 m l e a d  had formed along a p r e s s u r e  r i d g e  roughly  200 m 

from our  l i v i n g  q u a r t e r s .  

When w e  r e t u r n e d  t o  t h e  t e l l u r o m e t e r  s i tes  t h e  fo l lowing  morning 

(March 1 2 ) ,  t hey  were s t i l l  i n  good c o n d i t i o n  a l though many l e a d s  and c racks  

had formed i n  t h e  v i c i n i t y  of Beta. Most of t h e  l e a d s  observed t h e  

prev ious  evening had now c l o s e d ,  forming new p r e s s u r e  r i d g e s .  Because of 

t h e  ea r l i e r  d i f f i c u l t i e s  w i th  t h e  b a s e  camp t e l l u r o m e t e r  s i t e ,  w e  dec ided  

t o  move i t  t o  t h e  top  of a p r e s s u r e  r i d g e  roughly one km n o r t h  of camp. 

With t h e  good r ead ings  w e  ob ta ined  from t h i s  new s i t e ,  i t  w a s  now p o s s i b l e  

t o  c l o s e  t h e  s t r a i n  t r i a n g l e .  We concluded t h a t  e i t h e r  t h e  an tenna  system 

o r  t h e  e l e c t r o n i c  gear  (such as t h e  Decca) i n  t h e  camp had been i n t e r f e r i n g  

w i t h  t h e  t e l l u r o m e t e r  s i g n a l .  The l e n g t h s  of t h e  t r i a n g l e  l e g s  w e r e  as 

fo l lows:  Base Camp-Alpha, 10728 m;  Base Camp-Beta, 5578 m;  Alpha-Beta, 

8321 m. The good r ead ings  cont inued  u n t i l  1500, when t h e  b a t t e r i e s  a t  

Beta went dead. 

Unfor tuna te ly  du r ing  t h i s  pe r iod  t h e  v i s i b i l i t y  w a s  on ly  f a i r  (5 km, s t r a t u s  

a t  500 m). 

The t h i r d  NASA o v e r f l i g h t  occur red  between 1400 and 1630. 
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We cont inued our  s tudy  of t h e  m u l t i y e a r  p r e s s u r e  r i d g e  on March 13 

and 14. The i ce  i n  t h e  upper p o r t i o n  of t h e  r i d g e  was both  ve ry  co ld  (-24OC) 

and f r e s h .  A t  our  co r ing  s i t e  t h e  r i d g e  w a s  12 m t h i c k .  The ice was 

massive,  and no vo ids  were noted.  This i s  i n  d i s t i n c t  c o n t r a s t  t o  f i r s t -  

yea r  ritdges. The sonar  equipment w a s  working w e l l .  

On March 15 w e  reoccupied the t e l l u r o m e t e r  si tes.  A s l i g h t  com- 

p r e s s i o n  of 0.2 t o  0.3% had occurred  s i n c e  t h e  12th .  

d i s t a n c e  changes were noted dur ing  t h e  day (about  2 m ) .  

had formed under t h e  co rne r  of t h e  i c e  b lock  on which t h e  t e n t  w a s  l o c a t e d ,  

and w a t e r  w a s  beginning  t o  f lood  t h e  area. 

Only very  s l i g h t  

A t  Alpha a c rack  

The f o u r t h  NASA o v e r f l i g h t  took p l a c e  t h a t  a f te rnoon.  Ice fog 

decreased  t h e  la teral  v i s i b i l i t y  and made i t  d i f f i c u l t  f o r  t h e  a i r c r a f t  

t o  f l y  e x a c t l y  over  t h e  s t r a i n  sites. 

t h e  o v e r f l i g h t ,  when two p o l a r  b e a r s  a t tempted t o  v i s i t  S i t e  Beta. We 

drove them away wi th  y e l l s  (LOUD) and smoke bombs. Paw p r i n t s  measured 

28 cm. The b e a r s  should  show c l e a r l y  i n  t h e  aer ia l  photographs.  

.- 
A break  i n  r o u t i n e  occurred  du r ing  

On March 1 6 ,  t h e  o v e r c a s t  and l i g h t  snow so reduced v i s i b i l i t y  

t h a t  t he  h e l i c o p t e r s  could n o t  f l y .  

p r e s s u r e  r i d g e  and c o l l e c t e d  s a l i n i t y  and tempera ture  d a t a  from t h e  unridged 

p o r t i o n s  of t he  mul t iyea r  f l o e  and t h e  f i r s t - y e a r  i c e .  The las t  NASA 

f l i g h t  began wi th  poor ( 2  km) v i s i b i l i t y ;  however, dur ing  t h e  f l i g h t  t h e  

v i s i b i l i t y  r a p i d l y  improved, and by evening i t  was e x c e l l e n t .  The a i r c r a f t  

f lew t h r e e  low-level  passes centered  over  t h e  base  camp. 

We cont inued our  co re  sampling of  t h e  

The U.S. Coast Guard C-130 a l s o  f lew i t s  combined SLAR-photographic 

mission on t h e  a f t e rnoon  of March 16.  P a t  Welsh mounted fou r  r a d a r  r e f l e c -  

t o r s  i n  'a v a r i e t y  of p a t t e r n s  d u r r i n g  t h e  NASA and Coast Guard o v e r f l i g h t s .  

We hope t h a t  s u f f i c i e n t  d a t a  were c o l l e c t e d  t o  o b t a i n  some q u a n t i t a t i v e  

r e l a t i o n  between t h e  s i z e  of  t h e  r e f l e c t o r  and t h e  rece ived  s i g n a l .  

During t h e  nex t  four  days (March 17-20) t h e  p r e s s u r e  r i d g e  s tudy  

W e  t r i e d  t o  photograph t h e  lower p o r t i o n  of p r e s s u r e  r i d g e s  

De ta i l ed  low- 

cont inued .  

by us ing  an underwater  camera mounted on ex tens ion  rods.  

l e v e l  ae r ia l  photographs w e r e  made of t h e  p re s su re - r idge  s i t e  by us ing  

a hand-held au tomat ic  Hasse lb lad  i n  t h e  h e l i c o p t e r s .  

s t a r t e d  i t  survey  of i ce - su r face  e l e v a t i o n s  and snow and i c e  t h i c k n e s s e s  

I n  a d d i t i o n ,  we 
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on t h e  undeformed p o r t i o n  of  t h e  m u l t i y e a r  f l o e .  

a three-armed star w i t h  an arm l e n g t h  of  180 m. 

measurements were made a t  1 m i n t e r v a l s ,  w h i l e  30 i ce  t h i c k n e s s  measurements 

were randomly spaced a long  t h e  star. 

The sampling p a t t e r n  w a s  

Snow and ice  s u r f a c e  

The f i r s t  "Birdseye" o v e r f l i g h t  (NAVOCEANO C-121) took  p l a c e  on 

March 21. When w e  occupied t h e  t e l l u r o m e t e r  sites on t h a t  day, w e  found 

t h a t  a l e a d  had formed along t h e  p r e s s u r e  r i d g e  a t  S i t e  Alpha, t h e  ice  b lock  

suppor t ing  t h e  t e n t  had s p l i t ,  and t h e  t e n t  had become inco rpora t ed  i n t o  t h e  

underwater p o r t i o n  of t h e  r i d g e .  F o r t u n a t e l y ,  w e  were a b l e  t o  e s t a b l i s h  a 

new s i t e  on t h e  edge of an i ce  b lock  roughly 2 m from t h e  i n i t i a l  s i te .  

Good c l o s u r e s  were ob ta ined  on t h e  s t r a i n  t r i a n g l e .  The Bi rdseye  p l a n e  w a s  

a b l e  t o  make a ve ry  p r e c i s e  t r i a n g l e  over  t h e  s t r a i n  n e t .  However, t h e  

q u a l i t y  of t h e  a i r  photography may b e  a f f e c t e d  by t h e  development of  a low 

haze  l a y e r  dur ing  t h e  f l i g h t s .  I n  t h e  evening and du r ing  t h e  n e x t  day,  w e  

cont inued work on t h e  sona r  p r o f i l i n g ,  t h e  s a l i n i t y  measurements, and s t r a i n  

d a t a  compi la t ion .  

The l a s t  Birdseye o v e r f l i g h t  was made on March 23.  V i s i b i l i t y  w a s  

e x c e l l e n t ,  b u t  i t  w a s  ve ry  co ld  and windy (-29OC and 20 k n o t s ) .  

ometer became s o  co ld  a t  t h e  exposed l o c a t i o n  on t h e  r i d g e  t h a t  w e  could  

h a r d l y  t u r n  t h e  d i a l s ,  and t h e  r ead ings  were c o n t r a d i c t o r y .  W e ,  t h e r e f o r e ,  

moved t o  a new l o c a t i o n  (which could be  l o c a t e d  re la t ive  t o  t h e  p rev ious  

s i t e )  where a t e n t  could be  set up and t h e  t e l l u r o m e t e r  kep t  warm.  The 

r ead ings  i n d i c a t e  a compression of roughly 100 m between t h e  base  camp and 

Alpha, and l i t t l e  change i n  t h e  l e n g t h s  of t h e  o t h e r  two s i d e s  of t h e  

t r i a n g l e .  

miss ion  i n d i c a t e s  ve ry  h igh  q u a l i t y  imagery. 

The t e l l u r -  

Examination of a p o r t i o n  of t h e  a e r i a l  photography from t h i s  

During t h e  s t a y  a t  Camp 200, t h e  microwave e l l i p s o m e t e r  was used 

on t h e  sea i ce  f o r  t h e  f i r s t  t i m e .  The work w a s  begun by A 1  Edgerton of 

t h e  Aero je t  Corpora t ion ;  when h e  had t o  leave Camp 200 a f t e r  a week, h i s  

co l l eague  Don W i l l i a m s  took over .  A t  f i rs t ,  t h e  appa ra tus  f a i l e d  when k e p t  

a t  low ambient tempera tures  f o r  long  p e r i o d s .  However, a f t e r  a few days of 

t r o u b l e  shoo t ing  t h e  e l l i p s o m e t e r  worked w e l l  u n t i l  i t s  power supply  burned 

o u t  on March 21. 

A number of i n t e r e s t i n g  experiments  w e r e  performed us ing  t h i s  

i n s t rumen t .  S ince  s o  l i t t l e  i s  known of t h e  microwave emissivi t ies  o f  sea 
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ice ,  WE! decided  t o  make t h e  e a r l y  measurements ove r  m u l t i y e a r  and s i n g l e -  

yea r  ic:e a t  v a r i o u s  p l a c e s  i n  t h e  v i c i n i t y  of t h e  camp. A t  t h e s e  s i tes ,  

c o r e s  were taken  from t h e  ice and tempera ture  and s a l i n i t y  p r o f i l e s  

ob ta ined .  When s u f f i c i e n t  d a t a  were c o l l e c t e d  from m u l t i y e a r  and s i n g l e -  

yea r  i ce ,  w e  dec ided  t o  sample r e f r o z e n  m e l t  ponds and ve ry  t h i n  sea ice .  

A "bath tub" h o l e  (1.0 m squa re  and 0.7 m deep) w a s  c a r e f u l l y  c u t  i n  

m u l t i y e a r . s e a  ice and then  f i l l e d  wi th  f r e s h  s a l t  water. The e l l i p s o m e t e r  

w a s  t hen  mounted over  t h i s  h o l e  and t h e  microwave emissivit ies were measured 

cont inuous ly  as t h e  ice formed and f i l l e d  t h e  ho le .  

i ce  th ickened ,  t h e  "milk b o t t l e "  e f f e c t  took  p l a c e  and t h e  top  s u r f a c e  

developed a wave form. We then  t r a n s p o r t e d  t h e  e l l i p s o m e t e r  t o  a f r e s h  

l e a d  approximately 0 .5  km w e s t  of camp and mounted i t  over  a meter squa re  

h o l e  i n  new sea ice  approximately 25 cm t h i c k .  

were measured on t h e  new sea ice  forming i n  t h e  ho le .  Both A 1  and Don 

f e e l  t h a t  some s i g n i f i c a n t  d a t a  were ob ta ined .  

Unfo r tuna te ly ,  as t h e  

The microwave e m i s s i v i t i e s  

On March 24, a new l e a d  formed h a l f  way between t h e  o l d  l e a d  and 

t h e  camp (about  100 m). 

work on t h e  r i d g e ;  determined a number of a d d i t i o n a l  i c e  tempera tures ,  

s a l i n i t i e s ,  and snow and ice  d e n s i t i e s ;  completed t h e  i ce  t h i c k n e s s  de t e r -  

mina t ions ;  c o l l e c t e d  125 samples f o r  chemical  a n a l y s i s  t o  s tudy  changes 

i n  t h e  lion r a t i o s  wi th  i ce  age;  and packed. 

a t  1245 on March 26. 

Between t h e  24th and t h e  26th ,  w e  completed ou r  

We l e f t  Camp 200 f o r  Tuktoyaktuk 

We had been on t h e  i ce  e x a c t l y  t h r e e  weeks. 

Conclus ion  

We fee l  t h a t  our  program w a s  ex t remely  s u c c e s s f u l .  Much o f  t h i s  

success  i s  t h e  r e su l t  of t h e  coope ra t ion  w e  r ece ived  from t h e  o t h e r  p r o j e c t s  

o p e r a t i n g  a t  Camp 200 and t h e  e x c e l l e n t  suppor t  provided by t h e  pe r sonne l  

of t h e  P o l a r  Con t inen ta l  She l f  P r o j e c t .  

s t r a i n  r e s u l t s  i n d i c a t e s  v a l u e s  similar t o  those  ob ta ined  by Thorndike 

between more wide ly  spaced s t a t i o n s  a t  a longe r  t i m e  i n t e r v a l ,  and p o i n t s  

o u t  t h e  d e s i r a b i l i t y  of  measuring t h e  s t r a i n  a r r a y  on a m o r e  cont inuous 

b a s i s .  The m u l t i y e a r  r i d g e  t h a t  w e  s t u d i e d  proved t o  b e  a most formidable  

p i e c e  of ice  (massive,  c o l d ,  low s a l i n i t y ) .  It i s  too  e a r l y  t o  comment on 

t h e  rest of ou r  work excep t  t o  s ta te  t h a t  w e  were a b l e  t o  c o l l e c t  t h e  

Our p re l imina ry  a n a l y s i s  o f  t h e  
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necessary data. A complete assessment of our project results will be possible 
only when our ground truth observations are coupled with the results of the 

NASA, Coast Guard, and NAVOCEANO remote-sensing missions. 

This program was planned as a joint CRREL-USGS experiment. However, 

in our varied activities, we were given a great deal of help by members of 

other organizations. We wish to specifically thank Wilson Goddard (University 

of California at Davis), Pat Welsh (U.S.  Coast Guard), and Don Williams 

(Aerojet) for their magnificent efforts in helping us with the trying and 

uncomfortable job of manning the tellurometer stations. 

Of course, the raison d'stre of our program was to provide ground 

truth data for the aircraft remote-sensing missions, and we wish we could 

properly express the sense of awe and excitement and appreciation we felt 

during every overflight. We could fill a page with praises and still fall 

short of giving proper thanks. We wish to give special thanks to Ann D. Moen 
(U.S.G.S.), Earl Petersen (NASA-Ames), Olav Smistad (NASA-Houston), Walter 

Wittmann (U.S. Navy), Lloyd Breslau (U.S.C.G.), Joseph Fletcher (AIDJEX), 

and certainly to John W. Sherman 111 (SPOC), who is responsible more than 
anyone else for getting us involved in the NASA remote-sensing program. 

Project Personnel 

CRREL USGS - USCG Aeroj et General 

W. F. Weeks W. J. Campbell P. Welsh A. Edgerton 
A. Kovacs D. Williams 
W. D. Hibler 
s. Ackley 
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REPORT OF NASA CONVAIR 990 REMOTE-SENSING MISSIONS 
OVER A I D J E X  S I T E ,  MARCH 9-16 , 1971 

bY 
Ann D. Moen 

U. S. Geo log ica l  Survey 

The f i v e  remote-sensing f l i g h t s  by t h e  NASA-Ames Research Center  

Convair 990 over  t h e  A I D J E X  p i l o t  s tudy  s i te  provided f o r  15 a r c t i c  s c i en -  

t i s ts  a unique look  a t  t h e  Arctic sea i ce  and a f i r s t - h a n d  demonst ra t ion  

of t h e  Convair 990 remote-sensing p l a t fo rm.  

( a  l i s t  of which appea r s  a t  t h e  end of t h i s  r e p o r t ) ,  Joe  F l e t c h e r ,  A I D J E X  

Coordina tor ,  and Ann Moen, Hydrologis t  w i t h  t h e  U.S. Geologica l  Survey, 

p a r t i c i p a t e d  i n  a l l  f l i g h t s .  

I n  a d d i t i o n  t o  t h e s e  obse rve r s  

The f i r s t  o v e r f l i g h t  of t h e  A I D J E X  s i t e  had been scheduled f o r  

March 8 ,  b u t  computer t r o u b l e  aboard t h e  a i r c r a f t  delayed t h e  f i r s t  f l i g h t  

u n t i l  March 9.  Th i s  gave B i l l  Campbell, Will ie Weeks, and t h e  o t h e r  

s c i e n t i s t s  on t h e  i ce  an e x t r a  day t o  set  up t h e  two a u x i l i a r y  t e l l u r o m e t e r  

s t a t i o n s ,  bu t  s torms  on t h e  ice  allowed t h e  men t o  set  up on ly  one s t a t i o n  

b e f o r e  t h e  f i r s t  o v e r f l i g h t .  

The f i r s t  group of  obse rve r s  a r r i v e d  a t  E ie l son  A i r  Force Base, 

n e a r  Fa i rbanks ,  Alaska, on March 8. The tempera ture  w a s  -44°C. That  

evening ,  M r .  Earl  Pe te r son ,  Expedi t ion  Manager, c a l l e d  a meet ing of a l l  

exper imenters  and obse rve r s  who would p a r t i c i p a t e  i n  t h e  o v e r f l i g h t s .  

J o e  Fletchler r e p o r t e d  t h a t  t h e  A I D J E X  base  camp had been e s t a b l i s h e d  

March 1 on a 17  x 17 km f l o e  of o l d  i ce .  B i l l  Cenrpbell would be on t h e  

r a d i o  du r ing  t h e  o v e r f l i g h t s  f o r  ice-air  communication. 

O n  t h e  morning of March 9 ,  J o e  F l e t c h e r  w a s  i n  te lephone  c o n t a c t  

w i th  Tuktoyaktuk, and he r e p o r t e d  t h a t  t h e  l a tes t  A I D J E X  camp l o c a t i o n  

was 73"15'N, 130"51'W. We soon d iscovered  t h a t  t h e  p o s i t i o n s  determined 

by t h e  men on t h e  i c e  d i f f e r e d  by as much a t  15-30 km from a more a c c u r a t e  

p o s i t i o n  determined by t h e  i n e r t i a l  n a v i g a t i o n  system on board t h e  a i r c r a f t .  

O n  each of the o v e r f l i g h t s ,  t h e  990 f l ew d i r e c t l y  ove r  t h e  A I D J E X  base  

camp, marked i t s  p o s i t i o n ,  and r ad ioed  t h e  c o r r e c t  p o s i t i o n  t o  t h e  ground 

p a r t y .  
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B i l l  Campbell had o r i g i n a l l y  sugges ted  t h a t  t h e  a i r c r a f t  f l y  a tri- 

ang le  p a t t e r n  a t  low a l t i t u d e  (300-1000 m) over  t h e  i ce  s t a t i o n s ,  climb t o  

10,000 m t o  f l y  a north-south g r i d  of 83 x 83  km t o  o b t a i n  ove r l app ing  photo- 

graphs and r a d a r  imagery, then  r e t u r n  t o  low a l t i t u d e  t o  r e p e a t  t h e  t r i a n g l e  

p a t t e r n .  This  p l a n  r equ i r ed  more t i m e  and f u e l  t han  w a s  a v a i l a b l e  t o  t h e  

a i r c r a f t ,  p a r t l y  because t h e  i ce  camp w a s  f a r t h e r  from l and  than  o r i g i n a l l y  

planned. The r e v i s e d  f l i g h t  p l a n  e l imina ted  t h e  f i r s t  low-level  p a t t e r n  and 

shrank  t h e  h i g h - a l t i t u d e  p a t t e r n  t o  83 x 60 km. Fuel  requi rements  l i m i t e d  

f l i g h t  t i m e  t o  6 hours .  

t o  t h e  AIDJEX s i t e ,  l e a v i n g  3 hours  ove r  t h e  s i t e  on each of t h e  f i v e  f l i g h t s .  

E ie l son  AFB i s  t h e  c l o s e s t  f a c i l i t y  equipped t o  handle  a i r c r a f t  t h e  s i z e  of  

t h e  Convair 990. 

About 1 1 / 2  hour s  were r e q u i r e d  t o  f l y  from E i e l s o n  

Depar ture  from E ie l son  w a s  delayed two hours  on March 9 by maintenance 

problems on t h e  ground. 

wich obscured t h e  ground. Only t h e  p i l o t s  and r a d a r  o p e r a t o r s  knew when w e  

had c rossed  t h e  s h o r e l i n e .  When we were a b l e  t o  see down, w e  were ove r  t h e  

Beaufor t  Sea; v i s i b l e  were f r e s h ,  ve ry  l a r g e  p a r a l l e l  l e a d s ,  o r  c r a c k s  i n  t h e  

i ce ,  o r i e n t e d  approximately east-west, w i t h  t h e  n o r t h  s i d e  d i s p l a c e d  r e l a t i v e l y  

t o  t h e  east .  Th i s  w a s  t h e  o n l y  e x t e n s i v e  system of f r e s h  l e a d s  w e  s a w  on t h i s  

f l i g h t .  Other ,  o l d e r ,  l e a d s  were seen ,  b u t  a l l  were s o l i d l y  f rozen  wi th  wh i t e  

i c e .  

S h o r t l y  a f t e r  take-off  w e  were f l y i n g  ove r  c louds  

When w e  reached t h e  AIDJEX s i te ,  w e  f l ew  t h e  h i g h - a l t i t u d e  p a t t e r n  

a t  12,000 m as an  a l t e r n a t i n g  series of t e n  n o r t h  and sou th  r u n s ,  each 83 km 

long .  The speed r e q u i r e d  t o  keep t h e  a i r c r a f t  a l o f t  a t  t h a t  a l t i t u d e  d i c -  

t a t e d  a t u r n i n g  r a d i u s  of  a lmost  17  km, and i t  took almost  as long  t o  t u r n  

t h e  990 a t  t h e  end of each l e g  as i t  d i d  t o  f l y  t h e  l e g  i t s e l f .  Th i s  p a t t e r n  

allowed s ide- looking  r a d a r  (SLAR) imagery of t h e  5000 sq .  km area cen te red  

on t h e  AIDJEX base  camp. 

w a s  running,  b u t  haze  and unde rcas t  obscured most of t h e  ground area. 

The RC-8 camera (which t a k e s  22 x 2 2  cm photographs)  

During t h i s  h i g h - a l t i t u d e  p a t t e r n ,  t h e  p i l o t s  e s t a b l i s h e d  r a d i o  

c o n t a c t  w i th  B i l l  Campbell on t h e  ice .  H e  informed u s  t h a t  on ly  one a u x i l i a r y  

t e l l u r o m e t e r  s t a t i o n  w a s  set up and sugges ted  t h a t ,  i n s t e a d  of t h e  planned 

t r i a n g l e  p a t t e r n ,  a double-cross  p a t t e r n  by flow a t  low a l t i t u d e ,  w i t h  nor th-  

s o u t h ,  east-west, nor thwes t -southeas t ,  and southwes t -nor theas t  l e g s .  The 
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c r o s s  pa t t :e rn ,  which had t h e  base  camp a t  t h e  c e n t e r ,  had t o  be  flown a t  

300 m, lower than planned, because of t h e  low cloud c e i l i n g .  The speed of 

t h e  a i r c r a ! f t  (280 kno t s )  made i t  imposs ib le  t o  u s e  t h e  RC-8 camera a t  300 m. 
Also,  w e  wrere two hours  behind schedule  and t h e  sun ang le  w a s  very  low. 

This  made i t  easier t o  see t h e  ice  f e a t u r e s ,  b u t  t h e  amount of  l i g h t  w a s  

almost t oo  low f o r  photography. The sugges ted  l e n g t h  of each  run of t h e  

c r o s s  p a t t e r n  w a s  8 km, which a t  280 k n o t s  w a s  covered i n  less t h a n  two 

minutes .  A l l  exper imenters  agreed t h a t  t h i s  l e n g t h  w a s  t o o  s h o r t  t o  p r o p e r l y  

set up t h e  in s t rumen t s ;  and s i n c e  s o  much t i m e  w a s  consumed t u r n i n g  and 

a l i g n i n g  t h e  a i r c r a f t  f o r  each run ,  E a r l  P e t e r s o n  dec ided  t o  ex tend  t h e  

low-a l t i t ude  runs  t o  a t  least 1 7  km on f u t u r e  f l i g h t s .  

All o t h e r  s e n s o r s  aboard ope ra t ed  normally except  t h e  19.35 ghz 

microwave scanning  rad iometer ,  which d i d  no t  work a f t e r  t h e  f i r s t  few 

minutes of t h e  f l i g h t .  

There were no ground d e l a y s  f o r  t h e  second f l i g h t ,  on March 11, and 

w e  l e f t  E i e l s o n  a t  9:00 a . m .  When w e  were f r e e  of c louds  over  t h e  i c e ,  i t  

w a s  obvious t h a t  t h e r e  were more f r e s h  l e a d s  and open water s i n c e  t h e  March 

9 t h  f l i g h t .  

t h e  l e a d s  we had observed on t h e  9 t h .  One wide l e a d  w e  observed extended 

about 70 km east along our p a t t e r n  and a t  least t h a t  f a r  t o  t h e  w e s t ,  and 

l e a d s  of t h a t  l e n g t h  were n o t  uncommon. 

Also,  t h e  long,  wide l e a d s  were o r i e n t e d  a t  r i g h t  a n g l e s  t o  

Only f o u r  of t h e  t e n  runs  a t  12,000 m w e r e  good f o r  t h e  cameras. 

The s ide- looking  r a d a r  sees through c louds  and so  ob ta ined  good imagery 

r e g a r d l e s s  of t h e  weather below. During t h e  descen t  f o r  t h e  low-a l t i t ude  

r u n s ,  a nor theas t - southwes t  l i n e  w a s  flown d i r e c t l y  ove r  t h e  main camp f o r  

t h e  RC-8 camera. 

t e l l u r o m e t e r  s t a t i o n s  were o p e r a t i n g  and manned. 

each s t a t i o n  from t h e  main camp, and t h e  p i l o t s  a l t e r e d  t h e  double-cross 

p a t t e r n  t o  f l y  d i r e c t l y  over  each s t a t i o n .  

e a s i l y  i d e n t i f i e d  by t h e  red smoke bombs they set  o f f .  

p a t t e r n  w a s  1 7  km long. 

B i l l  Campbell advised  by by r a d i o  t h a t  bo th  a u x i l i a r y  

H e  rad ioed  t h e  bea r ing  of 

The a u x i l i a r y  s t a t i o n s  were 

Each l e g  of t h e  

All s e n s o r s  ope ra t ed  normally except  t h e  s t i l l  i n o p e r a t i v e  micro- 

W a l t  Brown o f  Jet P ropu l s ion  Labora tory  n o t i c e d  an wave rad iometer .  

i n t e r e s t i n g  p a t t e r n  on h i s  r a d a r  scope. On t h e  low-a l t i t ude  runs when t h e  
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a i r c r a f t  w a s  ve ry  s t a b l e  and t h e  ice  f a i r l y  uniform, h e  s a w  an unusual  double  

r a d a r  r e f l e c t i o n  which seemed t o  be  from t h e  top  and t h e  bottom of  t h e  ice.  

I f  t h e  double  r e f l e c t i o n  w a s  i n  fact  from both  s u r f a c e s  of t h e  i c e ,  i t  would 

b e  t h e  f i r s t  t i m e  t h a t  i ce  t h i c k n e s s  had been measured remote ly  and would be  

an ex t remely  v a l u a b l e  t o o l  f o r  f u r t h e r  ice  s tudy .  

The t h i r d  f l i g h t  w a s  on March 12 .  The microwave rad iometer  s t i l l  

w a s  n o t  working. 

of t h e  e a s t e r n  h a l f  w a s  good. The s ide- looking  r a d a r  ob ta ined  f u l l  imagery 

o f  t h e  83 x 60 km area. 

r a d a r  t o  b e t t e r  see t h e  double  r e f l e c t i o n .  H e  took  several P o l a r o i d  photos  

of  i t  and w i l l  f u l l y  ana lyze  t h e  d a t a  i n  h i s  l a b  a f t e r  he receives some 

needed ground t r u t h  d a t a .  On t h i s  f l i g h t  t h e  low-a l t i t ude  p a t t e r n ,  f lown 

below 700 m because of low c louds ,  w a s  t h e  t r i a n g l e  as o r i g i n a l l y  planned. 

The t h r e e  l e g s  were s h o r t  ( t h e  a u x i l i a r y  s t a t i o n s  w e r e  1 2  km and 7 km from 

t h e  main camp), b u t  t hey  were t h e  l o n g e s t  t h a t  c o n d i t i o n s  on t h e  i c e  would 

a l low.  A f t e r  complet ing t h e  t r i a n g l e  over  each of t h e  ice  s t a t i o n s ,  t h e  air- 

c r a f t  headed toward E ie l son ,  f l y i n g  much of  t h e  d i s t a n c e  a t  an a l t i t u d e  of  

less than  1700 m. There w a s  good RC-8 coverage. Radiometer o p e r a t o r s  

r epor t ed  t h a t  c loud tempera tures  were about  -15OC and ice  tempera tures  

averaged -21°C. 

Clouds obscured t h e  area w e s t  of t h e  camp, b u t  photography 

During t h e  d e s c e n t ,  Walt Brown reconf igu red  t h e  

The Coast Guard Hercules  a i r c r a f t  a r r i v e d  a t  E i e l s o n  la te  on t h e  12 th .  

They had t r i e d  t o  f l y  ove r  t h e  AIDJEX,  b u t  t hey  d i d  n o t  have t h e  c o r r e c t  

l o c a t i o n  and could n o t  f i n d  t h e  s i te .  On t h e  1 3 t h ,  t h e  Coast Guard p i l o t  

became ill, and t h e  f l i g h t  was abor t ed  a f t e r  two hours .  

The f o u r t h  Convair 990 f l i g h t  w a s  on March 15. The microwave r ad i -  

ometer had been r e p a i r e d  i n  Los Angeles over  t h e  weekend and ope ra t ed  normally 

on t h i s  f l i g h t  and on t h e  las t .  

i s  approximately 20C" c o l d e r  t han  f i r s t - y e a r  ice .  T h i s  w a s  t h e  b e s t  day 

s o  f a r  f o r  t h e  RC-8 a t  12,000 m. On t h e  descen t  t h e  p i l o t s  l e v e l e d  o u t  a t  

3,000 m and f l ew a 1 7  km l e g  over  t h e  camp. A t  t h i s  a l t i t u d e  t h e  laser pro- 

f i l o m e t e r  worked i n t e r m i t t e n t l y .  The low-a l t i t ude  p a t t e r n  w a s  f lown a t  

1,200 m, h igh  enough f o r  t h e  RC-8 t o  o b t a i n  good photographs and low enough 

f o r  t h e  laser t o  o b t a i n  good d a t a .  The h i g h e s t  r i d g e s  recorded by t h e  laser 

p r o f i l e r  w e r e  2 t o  3 meters. 

The ins t rument  i n d i c a t e d  t h a t  m u l t i y e a r  i ce  
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The Coast Guard a i r c r a f t  had a r r i v e d  at t h e  s i te  ahead of u s ,  

caus ing  t h e  t e l l u r o m e t e r  s t a t i o n s ,  which were n o t  i n  communication w i t h  t h e  

base  camp and n o t  expec t ing  o v e r f l i g h t s  by two a i r c r a f t ,  t o  set o f f  t h e  

smoke bombs in t ended  f o r  us .  Consequently,  when w e  descended ou r  p i l o t s  

could n o t  l o c a t e  t h e  two a u x i l i a r y  sites. The low-a l t i t ude  t r i a n g l e  w a s  

r ep laced  by t h e  c r o s s  p a t t e r n .  

E i e l s o n ,  s o  t h e  p i l o t s  kep t  t h e  a i r c r a f t  a t  1,700 m most of t h e  way t o  t h e  

s h o r e l i n e .  Th i s  w a s  t h e  f i r s t  f l i g h t  w i t h  sky c o n d i t i o n s  good enough f o r  

t h e  RC-8 t o  o b t a i n  photographs of t h e  s h o r e l i n e  and tundra.  

The sky was clear dur ing  t h e  r e t u r n  t o  

]During t h e  las t  f l i g h t ,  on March 16 ,  t h e  RC-8 w a s  a b l e  t o  o b t a i n  

photographs of t h e  t u n d r a  and s h o r e l i n e  on t h e  way t o  t h e  AIDJEX s i te .  

While we  f l ew  t h e  h i g h - a l t i t u d e  p a t t e r n ,  f o r  which t h e r e  was complete under- 

cast ,  t h e  Coast Guard imaged t h e  area n e a r  t h e  i c e  s t a t i o n s  from an i n t e r m e d i a t e  

a l t i t u d e .  

see through t h e  c louds ,  because they  p e r i o d i c a l l y  r e g i s t e r e d  drops  o r  rises 

i n  tempera ture  of 20C".  

The microwave r ad iomete r s  o p e r a t i n g  a t  10 ghz o r  high seemed t o  

Our low pattern had t o  be  a t  600 m because of t h e  c louds ,  and t h e  

c louds  s h u t  out  much of t h e  s u n l i g h t  f o r  photography. 

t h e  heading toward E i e l s o n ,  climbed t o  1700 m and cont inued  a t  t h a t  a l t i t u d e  

u n t i l  fo rced  t o  climb over  t h e  Brooks Range. For t h e  hour r e q u i r e d  t o  reach  

l a n d ,  t h e  s k i e s  were c l e a r  and a l l  s e n s o r s  ope ra t ed  cont inuous ly .  

Fleming of NOAA was i n  t h e  b e l l y  of t h e  a i r c r a f t  c a l l i n g  o u t  ice  f e a t u r e s  

and s t r u c t u r e s ,  which were recorded i n  t h e  onboard computer f o r  f u t u r e  

r e f e r e n c e .  

The p i l o t s  c o r r e c t e d  

Mike 

A s  w e  a p p r o a c h e d , t h e  s h o r e l i n e ,  t h e r e  w a s  a marked change 

i n  t h e  applearance of t h e  i c e .  There was an  area several hundred meters wide 

t h a t  seemed t o  be  t h e  r e s u l t  of s h e a r i n g .  The s i d e  of t h i s  area toward land 

w a s  very  smooth, s o l i d ,  w h i t e  ice which c o n t r a s t e d  s h a r p l y  w i t h  t h e  rough, 

broken, g ray  and wh i t e  ice on t h e  ocean s i d e .  It w a s  d i f f i c u l t  t o  see where 

t h e  sho re  ice stopped and t h e  sho re  began. 

g e n t l e  rise, than  a sha rp  drop which w a s  presumably t h e  upturned edge of 

sho re  ice  which had been pushed onto t h e  sho re  and broken o f f .  The North 

American Rockwell rad iometer  recorded an 8C" drop i n  tempera ture  a t  t h i s  

break. 

The laser p r o f i l e r  recorded  a 
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Everyone on board the Convair 990 and the scientists on the ice 
agreed that the series of five overflights had been a great success. 

is the first time that sequential, synoptic imagery of Arctic sea ice had 

been obtained, and the'extensive ground truth measurements will make the data 

that much more valuable. 

and are of excellent quality. 

mission will be a great help to the detailed study of Arctic sea ice and 

t o  the planning of the full-scale AIDJEX expedition in 1973. 

This 

Some of the RC-8 photographs have been developed 

The data and experience gained from this 

Scientific Observers on NASA-Ames Convair 990 Remote-Sensing Flights 

March 15 - March 9 

Dr. Frank Danes Dr. Lawrence Larson 
University of Puget Sound University of Washington 
Dr. Paul Bock 
University of Connecticut 

Dr. Kirk Bryan 
ESSA Geophysical Fluid 

Dynamics Laboratory 

Dr. William Criminale 
University of Washington 

Dr . 
University of Washington 

March 11 March 16 
Dr. Norbert Untersteiner Dr. Gerd Wendler 
University of Washington University of Alaska 
Dr. Gary Maykut 
University of Washington 

Dr. Gunter Weller 
University of Alaska 

March 12 
Dr. Stanley Murphy 
University of Washington 

Mr. Roy Marsh 
Canadian Telecommunications 

Dr. Don Archibald 
Canadian Meteorological Services 

Dr. K. 0. L. F. Jayaweera 
University of Alaska 

Dr. Don Grybeck 
University of Alaska 
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LAMONT OCEAN CURRENT PROGRAM 

by 

Kenneth Hunkins 

'The primary purpose of t h i s  programwas t o  cont inue  t h e  s tudy  of 

t h e  dynamics of t h e  upper ocean. Current obse rva t ions  were made a t  d i f f e r e n t  

l e v e l s  du r ing  t h e  occupat ion  of Camp 200. Celestial  nav iga t ion  provided a 

r e f e r e n c e  azimuth f o r  t h e  c u r r e n t  d i r e c t i o n .  To supplement t h e s e  observa- 

t i o n s ,  more d e t a i l e d  c u r r e n t  p r o f i l e s  were taken  occas iona l ly .  

t empera ture  p r o f i l e s  ob ta ined  w i t h  a t h e r m i s t o r  and b r i d g e  were used t o  

d e s c r i b e  water s t ruc ture  and i t s  changes i n  t h e  upper l a y e r s .  

p a r t y ,  c o n s i s t i n g  of Kenneth Hunkins and Al lan  G i l l ,  remained a t  Camp 200 

u n t i l  A p r i l  8. 

Also,  

The f i e l d  

G i l l  a r r i v e d  a t  Barrow i n  l a t e  February from T-3, where he had 

A t  Barrow, he a s s i s t e d  Dick T r i p p  wi th  been working dur ing  t h e  w i n t e r .  

packing equipment b e f o r e  l e a v i n g  f o r  Tuktoyaktuk wi th  t h e  b u i l d i n g s  on 

March 3 .  From Tuk, he proceeded t o  Camp 200 wi th  t h e  Eskimo c a r p e n t e r  crew 

t o  oversee camp c o n s t r u c t i o n .  Hunkins a r r i v e d  a t  Camp 200 on March 11 sans  

equipment. Customs d i f f i c u l t i e s  a t  Whitehorse had he ld  up t h e  e n t i r e  sh ip-  

ment, and i t  d id  n o t  a r r i v e  a t  t h e  camp u n t i l  March 1 7  and 18. I n  t h e  

meantime, t h e r e  w a s  more than  ample oppor tun i ty  t o  excavate  t h e  two hydro 

w e l l s  they  would need and t o  p repa re  t h e  b u i l d i n g s .  

The Lamont p a r t y  used two b u i l d i n g s ,  one as a l a b  and t h e  o t h e r  as 

a combined l a b  and s l e e p i n g  h u t .  

c u t  through 5 o r  6 f e e t  of i c e .  

i r r e g u l a r ,  w i th  16-foot  t h i c k n e s s e s  found only  30 f e e t  from t h e  b u i l d i n g s .  

Trap doors  i n  t h e  f l o o r  gave access  t o  t h e  ho le s .  

t h e  r o o f s  and f a s t ened  by eye  b o l t s  suppor ted  t h e  c u r r e n t  m e t e r  a r r a y s .  

A small ho.le was c u t  through each roof f o r  manipula t ing  t h e  p i p e s  i n  and 

out  of t h e  w e l l .  

Each b u i l d i n g  w a s  set  over  a hydro h o l e  

The i c e  on t h i s  o l d  p o l a r  f l o e  w a s  q u i t e  

Timbers p laced  a c r o s s  

I n  each h u t ,  an i n v e r t e d  mast w a s  i n s t a l l e d  f o r  t h e  c u r r e n t  meters. 

Savonius-rotor  c u r r e n t  meters w e r e  set on one m a s t  a t  l e v e l s  of 5 m ,  7 m ,  

11 m y  and 19 m y  and on t h e  o t h e r  m a s t  a t  l e v e l s  of 32 m and 75 m. The 
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masts were of 1 1/4" aluminum p i p e  i n  10-foot l e n g t h s .  The ze ro  r e f e r e n c e  

d i r e c t i o n s  of t h e  meters were c a r e f u l l y  a l i g n e d  w i t h  each  o t h e r ,  and each 

mast w a s  then o r i e n t e d  t o  t r u e  n o r t h  

system e l imina ted  t h e  u s e  of a magnetic compass f o r  r e f e r e n c e ,  which can be 

u n r e l i a b l e  i n  h igh  l a t i t u d e s .  

were s m a l l :  5 m y  +8"; 7 m,  +lo; l l m ,  -1"; 19 m y  0 " ;  32 m y  0 " ;  75 m y  0 " .  

Speed and d i r e c t i o n  o u t p u t s  were a l l  brought t o  t h e  s u r f a c e  and i n t o  t h e  l a b  

by e lec t r ica l  c a b l e s .  

v o l t a g e s .  

speed and d i r e c t i o n  con t inuous ly  a t  each of t h e  l e v e l s .  

meter a r r a y  w a s  i n  o p e r a t i o n  on March 21, when hour ly  logging  of c u r r e n t s  

began. 

by celest ia l  f i x  and t h e o d o l i t e .  Th i s  

The c o r r e c t i o n s  t o  t h e  a l i g n e d  d i r e c t i o n s  

The s i g n a l s  were processed  and conver ted  t o  ana log  

D i r e c t  v i s u a l  readout  w a s  provided by a pane l  of meters showing 

The complete c u r r e n t  

The m u l t i p o i n t  r e c o r d e r  f o r  cont inuous  r eco rd ing  f i n a l l y  began 

o p e r a t i n g  on March 28 ,  a f t e r  an e s s e n t i a l  g e a r  wheel, which w a s  mi s s ing ,  

had been rushed from Lamont. Curren t  speed and d i r e c t i o n  were then recorded 

from each level a t  30-second i n t e r v a l s  u n t i l  t h e  in s t rumen t s  were d ismant led  

on A p r i l  7 a t  t h e  conclus ion  of t h e  f i e l d  work. 

Celestial n a v i g a t i o n  by Al lan  G i l l  commenced on March 18. Dai ly  

f i x e s  by sun and star were t aken  t h e r e a f t e r  u n t i l  A p r i l  7 except  f o r  March 2 1 ,  

when v i s i b i l i t y  prevented  any s i g h t s  be ing  taken.  

w a s  employed f o r  angu la r  measurement and a T i m e s  e l e c t r o n i c  chronometer set 

t o  WWV f o r  t i m e .  

t i o n  w a s  less than 0 .1  n a u t i c a l  m i l e  i n  dimension i n  almost a l l  cases, and 

i t  i s  l i k e l y  t h a t  t h e  p o s i t i o n s  are a c c u r a t e  t o  b e t t e r  than t h a t  f i g u r e  i n  

most ca ses .  The azimuth of an a r b i t r a r y  r e f e r e n c e  l i n e  on t h e  f l o e  w a s  

determined w i t h  each s i g h t .  

w i t h  a t  least t h r e e  azimuth de te rmina t ions  f o r  each f ix .  The azimuth d e t e r -  

mina t ions  were made t o  an accuracy of  0.1" and were i n t e r n a l l y  c o n s i s t e n t  

t o  t h a t  accuracy  f o r  any f i x .  The a r b i t r a r y  azimuth l i n e  chosen extended 

from t h e  t h e o d o l i t e  p o s i t i o n  a t  t h e  c e n t e r  o f  the camp compound t o  t h e  

northernmost of t h e  A r c t i c  Submarine Lab micrometeoro logica l  m a s t s .  A l ist  

of t h e  a s t ronomica l ly  determined f i x e s  and azimuths fo l lows .  Note t h a t  

t i m e s  are Greenwich Mean T i m e .  Seven hours  must be  s u b t r a c t e d  from GMT. t o  

conver t  i t  t o  t h e  l o c a l  t i m e  used a t  Camp 200. 

A Kern DKM-1 t h e o d o l i t e  

The "cocked h a t "  formed by t h e  t h r e e  o r  more l i n e s  of pos i -  

Thus t h e  azimuth w a s  h i g h l y  over-determined, 
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Celestial Navigation, Camp 200, 1971. 

Date -- 

18 March 
19 '' 
20 If 

22 'I  

23 I' 

24 " 

25 ' I  

25 " 

26 " 

27 " 

27 ' I  

28 " 

28 I' 

29 " 

30 I '  

30 
31 " 

31 I t  

1 A p r i l  

1 'I 

2 ' I  

2 

3 It 

4 
5 
6 
7 

Time - 
20552 
19182 
20422 
19092 
19152 
20512 
11422 
20382 
19332 
11432 
19552 
11502 
19512 
19352 
05502 
19242 
05582 
1919 z 

06132 
1855 z 
07032 
18402 
19002 
18432 
1845 
18432 
18132 

Latitude 

74" 04.5 ' N 
74'04.3" 
74"02.8'N 
73'55.9" 
73O51.1" 
73'48.3'N 
73'46.0'N 
73'46.7" 
73'46.7" 
73'46.7" 
73'46.9" 
73'46.4" 
73'46.3" 
73'45.4" 
73O44.4 N 

73'44.9" 
73O44.5" 
73'44.4" 
73'44.5" 
73O45.0" 
73O45.0" 
73'44.9" 
73O44.9" 
73'45.1" 
73'44.8" 
73'44.5 'N 
73'44.3" 

Longitude 

131'23 ' W 
131'24'W 
131'26 ' W 
131"23'W 
131" 30 ' W 
131"22.5'W 
131'15 'W 
131"18'W 
131' 20 ' W 
13lo21'W 
131'18.5'W 
131" 21'W 
131" 19 ' W 
131" 18'W 
131" 17 ' W 
131" 16'W 
131" 17 ' W 
131" 15 ' W 
131'15'W 
131"08'W 
131'05 ' W 
131"Olt W 
131'01 ' W 
131" 05 ' W 
131' 06 W 
131" 06 ' W 
131"08'W 

Azimuth 

114.6" 
114.7" 
114.8" 
115.1" 
115.1" 
115.4" 

112.9" 
112.9" 
112.9" 
113.0" 

114.4" 
114.8" 
114.9" 
114.9" 
114.7" 
114.7" 
114.9" 
115.2" 
114.9" 
115.0" 
115.0" 
114.9" 
115.0" 
114.9" 
115.0" 
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The s t a t i o n  d r i f t e d  southward almost 20 n a u t i c a l  m i l e s  between 

March 18 and March 25. T h e r e a f t e r ,  i t  d r i f t e d  v e r y  s lowly  d e s p i t e  some 

s t r o n g  winds,  making on ly  a few m i l e s  of e a s t i n g  on A p r i l  1. 

changed through a t o t a l  range of 2 1/2" .  

occur red  on March 24, c o i n c i d i n g  c l o s e l y  w i t h  t h e  opening of  a l e a d  very  

n e a r  t h e  camp. 

The azimuth 

The most sudden changes i n  azimuth 

Curren t  p r o f i l e s  from t h e  s u r f a c e  t o  a depth  of 100 m were made a t  

10 m i n t e r v a l s  on e l even  occas ions .  The meter was lowered by hand on a c a b l e ;  

t h e  r e f e r e n c e  w a s  magnetic n o r t h .  The d i r e c t i o n s  are n o t  cons idered  r e l i a b l e ,  

b u t  t h e  speeds  a p p a r e n t l y  are. An e n t i r e  p r o f i l e  u s u a l l y  took  one hour ,  w i t h  

measurements t aken  on bo th  descen t  and a s c e n t  t o  g i v e  a measure of t h e  v a r i a -  

b i l i t y  of t h e  v e l o c i t y  f i e l d .  

Temperatures were measured twice d a i l y  between March 28 and A p r i l  7 

a t  10 m i n t e r v a l s  t o  100 m depth.  More d e t a i l e d  p r o f i l i n g  w a s  g e n e r a l l y  

c a r r i e d  o u t  between 50 and 80 m t o  b e t t e r  d e l i n e a t e  t h e  P a c i f i c  Water Mass. 

The t h e r m i s t o r  had p r e v i o u s l y  been c a l i b r a t e d  a t  t h e  Lamont c a l i b r a t i o n  

f a c i l i t y .  

and n u l l  w a s  determined w i t h  an e l e c t r o n i c  galvanometer w i t h  30 navovo l t s  

f u l l  scale t o  reduce s e l f - h e a t i n g  e f f e c t s .  V a r i a t i o n s  of s e v e r a l  t e n t h s  of 

a deg ree  C e l s i u s  were noted i n  t h e  c o r e  of t h e  P a c i f i c  Water over  t h e  cour se  

of a day o r  two. 

A four-decade Wheatstone b r i d g e  was powered by a 1 112 V. b a t t e r y ,  

Magnetic d e c l i n a t i o n  was measured wi th  a Brunton compass. The 

fo l lowing  v a l u e s  were ob ta ined :  

Date Magnetic D e c l i n a t i o n  - Hour 

1200 A p r i l  3 49"E 
1000 A p r i l  4 53"E  

1200 A p r i l  5 48"E 

1200 A p r i l  6 48"E 

- 

The speed a t  32 m and t h e  d i r e c t i o n  ou tpu t  a t  75 m do n o t  seem t o  

have func t ioned  p r o p e r l y .  The o t h e r  i n s t rumen t s  appear t o  have ope ra t ed  

w e l l .  

18 



There are two i n t e r e s t i n g  a s p e c t s  of t h e  c u r r e n t  d a t a .  The small 

s torm on A p r i l  1, when winds reached 20 k n o t s ,  i s  probably  t h e  most impor- 

t a n t  p e r i o d  f o r  de te rmining  water stress. 

on ly  from about  noon t o  2100. It may b e  t h a t  stress dur ing  t h i s  t i m e  w i l l  

be  a s s e s s a b l e  bo th  from t h e  f r i c t i o n a l  and from t h e  Ekman l a y e r ,  p rov id ing  

a needed c r o s s  check. 

The h e i g h t  of  t h e  s torm l a s t e d  

The o t h e r  i n t e r e s t i n g  a spec t  i s  t h e  c u r r e n t  f low dur ing  p e r i o d s  

On two occas ions ,  March 25 and when t h e  i c e  was e s s e n t i a l l y  s t a t i o n a r y .  

A p r i l  6 ,  t h e  i c e  had been s topped ,  e v i d e n t l y  by i n t e r n a l  i ce  p r e s s u r e ,  

even though n o r t h  winds cont inued  t o  blow. 

c u r r e n t  f low cont inued t o  t h e  sou th  w i t h  t h e  c u r r e n t  maximum a t  sha l low 

dep th ,  j u s t  benea th  t h e  ice. Th i s  a d d i t i o n a l  water stress i n  t h e  same 

d i r e c t i o n  as t h e  wind on t h e  s t a t i o n a r y  i c e  w a s  n o t  p r e d i c t e d ;  i t  may be  

one of t h e  more i n t e r e s t i n g  d i s c o v e r i e s  of  t h e  p i l o t  s tudy .  

During b o t h  of t h e s e  p e r i o d s ,  

W e  are dependent on n a t u r e  f o r  s e t t i n g  up t h e  experiment  i n  

oceanographic  exper iments  of t h i s  k ind .  

as i n  a l a b o r a t o r y .  

f o r  an i n t e r e s t i n g  s i t u a t i o n  t o  develop.  

t i c  scale o f  meteorology: days t o  weeks. We were f o r t u n a t e  t o  have some 

v a r i e d  c o n d i t i o n s  t h i s  y e a r ,  b u t  a longe r  s t a t i o n  occupat ion  would be  

d e s i r a b l e  nex t  y e a r  t o  i n c r e a s e  t h e  p r o b a b i l i t y  of  encounter ing  i n t e r e s t i n g  

case h i s t o r i e s .  

The v a r i a b l e s  cannot  be  manipulated 

P a t i e n c e  i s  requ i r ed  t o  set  up t h e  in s t rumen t s  and w a i t  

Development w i l l  be  on t h e  synop- 
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UNIVERSITY OF WASHINGTON OCEANOGRAPHIC STUDIES 

by 

L. K. Coachman and J .  Dungan Smith 

The 1 9 7 1  U n i v e r s i t y  of Washington oceanographic  s tudy  undertook 

(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  i ce ,  wi th  t y p i c a l  topography, 

u s ing  t h e  mechanical  cur ren t -meter  systems of Kl ink  and Smith; (2)  c u r r e n t  

measurements t o  relate t h e  deeper  f lows t o  t h o s e  i n  t h e  boundary l a y e r  and 

t o  de te rmine  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  de te rmine  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  t h e  

s t a t i o n s  by Decca-Lambda t o  permi t  s t r a i n  c a l c u l a t i o n s .  

E igh t  p r e f a b r i c a t e d ,  i n s u l a t e d ,  plywood b u i l d i n g s  were provided 

by t h e  Naval A r c t i c  Research Laboratory.  PCSP provided longhouse t e n t s  

and i g l o o  t e n t s  f o r  v a r i o u s  u t i l i t y  purposes  (F ig .  1). One l a r g e  h o l e  

w a s  opened a t  t h e  main camp f o r  d i v i n g  and e n t r y  of t h e  masts f o r  t h e  

boundary l a y e r  s t u d i e s .  

m i l e s  southwest  of Camp 200. 

measurements, were opened a t  each of t h r e e  l o c a t i o n s :  a t  Camp 200; a t  a 

s i t e  20 m i l e s  w e s t  of t h e  camp; and a t  a s i te  10 m i l e s  s o u t h  of t h e  camp. 

A f t e r  se l lec t ing  t h e  si tes,  h o l e s  were opened by charges  of C I L  60% Geogel 

p laced  i n  a c i r c l e  of bo re  h o l e s .  A t  t h e  Camp 200 s i t e ,  a h u t  w a s  cons t ruc t ed  

over  t h e  hydrographic  h o l e ;  f o r  t h e  o u t e r  l o c a t i o n s ,  t h e  h u t s  w e r e  assembled 

a t  t h e  camp and t r a n s p o r t e d  and lowered ove r  t h e  hydrographic  h o l e s  by 

h e l i c o p  t e i c .  

An unmanned current-meter  h o l e  w a s  opened f i v e  

Two h o l e s ,  f o r  c u r r e n t  meters and hydrographic  

I n t e r i o r  ]?low F i e l d  Measurements (F ig .  2)  

A t  each  manned hydrographic  l o c a t i o n ,  a wooden r ack  was i n s t a l l e d  

t o  hold  t e n  Nansen b o t t l e s ,  each  equipped w i t h  two p r o t e c t e d  and t h r e e  

unpro tec ted  r e v e r s i n g  thermometers.  A 3-h.p. winch w i t h  t r i p o d  r a i s e d  and 

lowered t h e  Nansen b o t t l e s  on 3/32" hydrographic  cab le .  Once i n t o  t h e  



h u t ,  t h e  water samples were s t o r e d  i n  8-02. p l a s t i c  b o t t l e s  w i t h  p l a s t i c -  

i n s e r t  caps ,  t hen  f rozen .  

Simultaneous casts  f o r  tempera ture  and s a l i n i t y  were ob ta ined  a t  

t h e  t h r e e  hydrographic  l o c a t i o n s  fou r  t i m e s  p e r  day [ a t  0700, 1200, 1700, 

and 2200 (+7)] from March 18 through March 31 a t  dep ths  of 30 m,  60 m ,  

90 m y  120 m y  150 m ,  180 m ,  220 m, 260 m ,  350 m, and 500 m. To p rov ide  a 

more d e t a i l e d  s t r u c t u r e  of t h e  ver t ica l  column, extra casts w i t h  b o t t l e s  

a t  5-m i n t e r v a l s  were obta ined  a t  each of t h e  s t a t i o n s .  

The tempera ture  v a l u e s  are now be ing  c o r r e c t e d ,  and t h e  s a l i n i t y  

samples which w e r e  f rozen  i n  t h e  p l a s t i c  b o t t l e s  are be ing  analyzed a t  t h e  

Department of Oceanography. 

each sample dep th ,  and one set  of d u p l i c a t e  samples (from the Camp 200 

l o c a t i o n )  were main ta ined  unfrozen as a check on t h e  f r e e z i n g  procedure.  

Dup l i ca t e  s a l i n i t y  samples were drawn from 

The uncorrec ted  tempera tures  showed c o n s i d e r a b l e  v a r i a t i o n  a t  t h e  

t i m e  scale measured, p a r t i c u l a r l y  i n  t h e  upper l e v e l s .  Water of Bering Sea 

o r i g i n ,  which t y p i c a l l y  causes  a s l i g h t  tempera ture  maximum (about  - 1 O C )  

c en te red  a t  approximately 75 m i n  t h e  o the rwise  q u i t e  homogeneous and c o l d  

l a y e r  (about -1.5OC) was n o t i c e a b l y  p r e s e n t .  During one day,  tempera tures  

t h i s  warm were observed a t  30 m depth.  

Curren t  meters were deployed a t  t h e  t h r e e  hydrographic  sites and 

a t  t h e  unmanned cur ren t -meter  ho le .  E igh t  Norwegian (Aanderaa) c u r r e n t  

meters had been ordered  f o r  t h e  p r o j e c t ,  b u t  they  could n o t  b e  d e l i v e r e d  

i n  t i m e .  Consequent ly ,  w e  renovated s i x  o l d  Braincon Mod. 316 h is togram 

meters and borrowed t h r e e  Aanderaa in s t rumen t s  from D r .  S i g  Wiggin, Canadian 

Hydrographic Survey, V i c t o r i a ,  B . C .  The Aanderaa meters were p l aced  in t h e  

cur ren t -meter  h o l e s  a t  a depth  of 50 m a t  t h e  manned l o c a t i o n s ;  and t h r e e  

Braincon meters were p laced  a t  a depth  of 1 0  m. The o t h e r  t h r e e  Bra incons  

w e r e  p laced  a t  t h e  unmanned s i t e  a t  dep ths  of  150 m ,  300 m,  and 400 m. 

A l l  m e t e r s  w e r e  i n  p l a c e  one o r  two days b e f o r e  t h e  series of hydrographic  

s t a t i o n s  began, and w e r e  removed one o r  two days a f t e r  t h e  series ended. 

The f i l m  reco rds  (Braincon) and magnet ic  t a p e s  (Aanderaa) are now be ing  

processed .  

Judging from t h e  amount of magnet ic  t a p e  processed  and t h e  number 

of f i l m  frames counted ,  e i g h t  of t h e  n i n e  meters a p p a r e n t l y  func t ioned  f o r  
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f u l l  t i m e  o f  t h e i r  deployment. The Braincon l o c a t e d  a t  t h e  unmanned 

s i t e  a t  400 m depth  had a s low l e a k  i n  t h e  O-ring j o i n t  a t  t h e  bottom 

of t h e  p r e s s u r e  case. We found several i n c h e s  of water i n  t h e  meter 

when i t  tr7as disassembled.  However, t h e  camera ( l o c a t e d  a t  t h e  top  of  

t h e  in s t rumen t )  w a s  d r y ,  and t h e  coun te r  i n d i c a t e d  about  two- th i rds  of  t h e  

number of frames expected f o r  a 15-day run  had been advanced. 

N a v i  g a t  i o n  

The Decca-Lambda n a v i g a t i o n  system of  PCSP recorded  f r e q u e n t  f i x e s  

of t h e  Camp 200 l o c a t i o n .  The p o s i t i o n s  of t h e  o u t e r  hydrographic  s i tes  

w e r e  recorded a t  l eas t  once d a i l y ,  and t h a t  of t h e  unmanned cur ren t -meter  

ho le  less f r e q u e n t l y  from t h e  Decca-Lambda equipment i n  t h e  h e l i c o p t e r s .  

I n  a d d i t i o n ,  t h e  p i l o t s  no ted  b e a r i n g s  and d i s t a n c e s  t o  t h e  s t a t i o n s  from 

Camp 200. 

Boundary Layer S t u d i e s  

'The l a r g e  h o l e  which w e  opened a t  Camp 200 w a s  used f o r  lower ing  

t h e  two ins t rument  masts i n t o  t h e  water, f o r  r a i s i n g  and lowering p i e c e s  

of oceanographic  g e a r ,  and f o r  d i v i n g .  

a summer l a k e )  f o r  i t s  s i t e ,  because we f e l t  t h a t  t h e  i ce  would be  t h i n n e r  

t h e r e .  Th i s  proved t o  be t h e  case. 

l o c a t e  t h i n  a reas ,because  t h e  s u r f a c e  topography of t h e  i ce  s h e e t  w a s  q u i t e  

h i g h l y  c o r r e l a t e d  w i t h  i t s  th i ckness .  

r eg ions  of t h i c k  ice ,  and r eg ions  of low e l e v a t i o n  were r e l a t e d  t o  areas 

o f  t h i n  ice.  Th i s  d i f f e r e d  from t h e  s i t u a t i o n  found a t  t h e  ice camp i n  

1970,  where t h e r e  w a s  ve ry  l i t t l e  s u r f a c e  topography and what t h e r e  w a s  

d i d  n o t  c o r r e l a t e  w i t h  t h e  under- ice  morphology. 

W e  chose a smooth low area (probably  

I n  f a c t ,  w e  found i t  w a s  ea sy  t o  

Regions of h igh  e l e v a t i o n s  were 

The h o l e  was allowed t o  f r e e z e  over  between uses .  It  was reopened 

by p i ck  and manure s p r e a d e r  a t  least  twice a day. 

The d i v i n g  h u t  w a s  b i g  enough t o  a l s o  serve as a bunk house f o r  

two of t h e  divers and n e a r  enough t o  t h e  ins t rument  h o l e  t o  be a handy 

p l a c e  t o  keep i n s t r u m e n t a t i o n  warm u n t i l  needed i n  t h e  water. A MAKO 

Products  model KA-13-E e lec t r ic  a i r  compressor w a s  ope ra t ed  i n s i d e  t h e  
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h u t .  Power f o r  t h e  a i r  compressor came from a p o r t a b l e  5-kw gas  g e n e r a t o r  

o u t s i d e  t h e  h u t .  

The d i v i n g  program, similar t o  t h a t  f o r  l a s t  yea r  which w a s  

desc r ibed  i n  AIDJEX B u l l e t i n  4 ,  w a s  ex t remely  s u c c e s s f u l .  

problems a rose .  One was t h e  f a i l u r e  o f  ou r  l i f t  bag technique  f o r  moving 

t h e  frames around under t h e  i ce  t o  work. W e  p a r t i a l l y  so lved  t h i s  problem 

by r e p l a c i n g  t h e  l i f t  bags w i t h  a l a r g e  p l a s t i c  f i s h i n g  f l o a t ;  i n  t h e  f u t u r e  

w e  w i l l  use  b e t t e r  l i f t  bags.  The o t h e r  problem w a s  t h e  l a r g e  amount of 

t i m e  and manpower sapped from t h e  e n t i r e  experiment  by t h e  d i v i n g  o p e r a t i o n s .  

W e  have no t  y e t  found a s o l u t i o n  t o  t h i s  problem. 

Only two real 

To measure c u r r e n t s ,  two masts composed of n i n e  10-foot  s e c t i o n s  

of 3/4-inch-diameter t h i c k  w a l l  s ta in less  steel  tub ing  were assembled as 

desc r ibed  i n  B u l l e t i n  4. 

i c e  s o  t h a t  t h e  top  current-meter  set w a s  l o c a t e d  one meter below t h e  under- 

s i d e  of t h e  ice i n  a known geographic  o r i e n t a t i o n .  

These m a s t  were a t t a c h e d  t o  hangers  f rozen  i n  t h e  

The c u r r e n t  meters were unbanded v e r s i o n s  of t h o s e  used last  y e a r  

and desc r ibed  i n  B u l l e t i n  4 .  They were mounted i n  t r i p l e t s  on t h e  masts a t  

t h e  fo l lowing  l o c a t i o n s  benea th  t h e  unders ide  of t h e  ice:  1 m,  2 m ,  4 m ,  

8 m y  1 6  m y  and 27 m. S i g n a l s  were t r a n s m i t t e d  from each  m a s t  t o  t h e  i n s t r u -  

ment shed by one of two 22-conductor s p e c i a l  Arc t ic  q u a l i t y  in s t rumen t  

cab le s .  The ins t rument  c a b l e s  te rmina ted  i n  a swi t ch ing  box where v a r i o u s  

sets of meters could  b e  a t t a c h e d  t o  t h e  14-channel f . m  t a p e  r e c o r d e r s ,  t o  

a set  of monitor  o s c i l l o s c o p e s ,  and t o  a set  of up-down c o u n t e r s  which 

provided  an  a c c u r a t e  measure of mean c u r r e n t  a t  each senso r .  

The masts were f i r s t  assembled on t h e  s u r f a c e  and then  t aken  a p a r t  

and lowered i n t o  t h e  water, 20 f e e t  a t  a t i m e ,  by a hand winch a t t a c h e d  t o  

a 24-foot r a d i o  tower guyed w i t h  3/32-inch hydrowire.  

had been reassembled i n  t h e  water, a l a r g e  f i s h i n g  f l o a t  w a s  a t t a c h e d  t o  

t h e  upper s i d e  and a p i e c e  of hydrowire  w a s  p u l l e d  through an  eye on t h e  

frame hanger  and a t t a c h e d  t o  t h e  t o p  of t h e  m a s t .  The hydrowire  served  t o  

p u l l  t h e  m a s t  ove r  t o  t h e  hanger ,  wh i l e  t h e  f i s h i n g  f l o a t  took up most of 

t h e  weight  of t h e  m a s t .  The winch c a b l e  served  as a s a f e t y  l i n e .  I n  t h i s  

way two masts w e r e  p l aced ,  one on a s t e e p  mound and one i n  a f a i r l y  level  

area. Th i s  imp lan ta t ion  method worked w e l l ,  b u t  i t  took too  much t i m e  and 

Once t h e  e n t i r e  mast 
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manpower t o  permi t  moving one of t h e  frames from hanger  t o  hanger ,  as 

we had o r i g i n a l l y  planned. We t h e r e f o r e  dec ided  t o  make measurements 

from two f i x e d  l o c a t i o n s .  

The two-mast experiment  l a s t e d  from 2300 on March 2 1  t o  1400 on 

March 2 4 .  During t h i s  p e r i o d ,  c u r r e n t  meters 1 through 6 on bo th  frames 

were recorded on one 14- t rack  t a p e  r e c o r d e r ;  c u r r e n t  meters 7 through 18 

w e r e  recorded  from 

Switching w a s  done manually.  

t u r e  and lconduct iv i ty  were recorded  on t h e  s p a r e  channels  a t  v a r i o u s  times 

throughout  t h e  experiment .  

decided t o  remove one m a s t  and con t inue  r eco rd ing  d a t a  from t h e  one which 

remained. 

a l t e r n a t e  masts on t h e  second 14- t rack  t a p e  r eco rde r .  

Curren t  speed and d i r e c t i o n  and water tempera- 

When a l e a d  opened near t h e  d i v i n g  h o l e ,  w e  

Wind speed and d i r e c t i o n  v a r i e d  du r ing  t h e  boundary l a y e r  experiment 

as shown i n  F ig .  3 .  Our f i r s t  c u r r e n t  measurements were made i n  t h e  e a r l y  

evening of' March 2 1 ,  and t h e  f low was found t o  range from 10 t o  1 2  cm/sec. 

The wind a t  t h a t  t i m e  w a s  blowing from t h e  n o r t h  a t  18 mph. Over t h e  n e x t  

28  hours  t h e  c u r r e n t s  i n c r e a s e d  t o  a maximum of about  18 cm/sec, then  began 

t o  dec rease  a l though t h e  wind speed remained h igh  f o r  ano the r  twelve hours .  

On March 2 4 ,  t h e  wind changed d i r e c t i o n  from n o r t h e r l y  t o  w e s t e r l y  and 

picked up i n  speed u n t i l  i t  exceeded 20 mph. 

o r  less i n  phase w i t h  t h e  wind and rangedfrom 1 2  t o  15 cm/sec a t  1 4 0 0 .  

About t h i s  t i m e  a l a r g e  l e a d  opened i n  t h e  v i c i n i t y  of t h e  ins t rument  frames. 

The cu r ren l t s  decreased  r a p i d l y  throughout  t h e  rest of t h e  a f t e rnoon ,  and 

by 2100 t h e  c u r r e n t s  were below t h r e s h o l d  a t  n e a r l y  a l l  depths .  

t h e  winds and c u r r e n t s  were bo th  weak du r ing  t h e  fo l lowing  s i x  days.  Th i s  

q u i e t  spel l t  w a s  i n t e r r u p t e d  on A p r i l  1 by a s torm,  du r ing  which t h e  s u r f a c e  

c u r r e n t  speed r each  about  10 cm/sec. 

24  hours ,  and t h e  q u i e t  c o n d i t i o n s  had r e tu rned  by t h e  fo l lowing  morning. 

The c u r r e n t s  were below t h r e s h o l d  a t  0300 on A p r i l  2 ,  and we te rmina ted  

t h e  experiment  a t  1030 t h a t  morning. 

The c u r r e n t s  picked up more 

Unfo r tuna te ly ,  

However, t h i s  s torm l a s t e d  less than  

P re l imina ry  r e s u l t s  i n d i c a t e  t h e  complexi ty  of t h e  boundary l a y e r  

and sugges t  t h a t  t h e r e  i s  much y e t  t o  b e  l ea rned  about  f low i n  t h e  upper 

Arct ic  Ocean. Moreover, t h e s e  r e s u l t s  sugges t  t h a t  obse rva t ions  of t h e  

oceanographic  boundary l a y e r  w i t h  which t h e  i c e  s h e e t  i s  i n t e r a c t i n g  may 
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prov ide  a handle  f o r  t h e  g r o s s  response  of t h e  ice  s h e e t  t o  t h e  wind stress. 

That i s ,  t h e  so -ca l l ed  water stress s t u d i e s  may b e  as p roduc t ive  as ind ica -  

t o r s  of  ice  motion as of r e g i o n a l  stress measurements. 
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1971 ARCTIC ICE FLOE STUDIES 
ARCTIC SUBMARINE LABORATORY 

by 
James H. Brown 

The Arctic Submarine Laboratory (ASL) group of eight men spent 

33 days at Camp 200. During this period, twenty tons of equipment and 

instruments were transported to the floe, and data were obtained for a 

period of 15 days. 
boundary layer measurements, which would give detailed information of 

momentum and energy flux components at the air-ice boundary of a polar 

ice floe. 

The main effort was directed towards recording profile 

The floe was instrumented with approximately three hundred sensors 

whose outputs were recorded on a high-accuracy data acquisition system. 

Two masts were instrumented at nine levels (0.25 meters to 10.0 meters) 
to measure horizontal wind speed, virtual potential temperature, and 

specific humidity gradients. The direct solar radiation component (filtered 

and unfiltered) was measured. The shortwave (0.311 to 3.011) hemispherical 

radiation facing upward and downward was measured. The longwave (4.01-1 to 

4 0 p )  hemispherical radiation facing upward and downward was measured. 

spectrum ( 0 . 3 ~  to loop)  hemispherical radiation facing upward and downward 

w a s  measured. The net radiation was measured at six different locations. 

Temperature profile measurements in the snow were made at six locations, 

and in the ice at one location. 

different locations in the snow and ice to measure the conducted heat flux 

term. 

Total 

Twenty heat flux meters were place at 

Profile measurements of wind speed, temperature, specific humidity, 

pressure, a.nd wind direction to heights of 600 meters on three occasions 

were recorded with the NCAR aerodynamic wing system. 

were encountered with this system which were overcome; however, the leakage 

of helium from the wings could not be corrected in the field. The helium 

leakage limited the amount of data obtainable by this system. 

A number of problems 

It is 
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hoped t h a t  t h i s  problem can be so lved  and t h a t  q u a l i t y  p r o f i l e s  t o  g r e a t e r  

h e i g h t s  can be  ob ta ined  i n  t h e  f u t u r e .  

I n  a d d i t i o n  t o  t h e  measurements mentioned above, ice  s a l i n i t y  and 

d e n s i t y  p r o f i l e  measurements were made a t  16 l o c a t i o n s  t o  a depth  of 0.7 

meter. 

measurements w e r e  made a t  20 l o c a t i o n s ,  and i c e  growth measurements a t  one 

l o c a t i o n .  

The snow depths  a t  47 l o c a t i o n s  were recorded. Ice t h i c k n e s s  

An exper imenta l  acce le rometer  system w a s  i n s t a l l e d  i n  t h e  i ce ,  and 

d a t a  were recorded. 

f u t u r e  work. 

i n  a method of making system adjus tments  a t  l o w  tempera tures .  

Some improvements i n  t h i s  system w i l l  be  r e q u i r e d  f o r  

Improvements w i l l  a l s o  be r e q u i r e d  i n  f i e l d  c a l i b r a t i o n s  and 

An exper imenta l  three-component thermal-probe wa te r -ve loc i ty  meter 

w a s  i n s t a l l e d ,  and d a t a  were recorded  f o r  two days.  

It i s  planned t o  computer p r o c e s s ,  ana lyze ,  and w r i t e  a p r e l i m i n a r y  

t e c h n i c a l  r e p o r t  from t h e  f i e l d  d a t a  i n  t h e  nex t  two o r  t h r e e  months. 
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LOGISTICS REPORT OF THE 1971 AIDJEX PILOT STUDY 

by 
Rolf Bj o r n e r t  

A I D J E X  Opera t ions  Coordina tor  

I n  terms of l o g i s t i c s ,  t h e  1971 A I D J E X  f i e l d  ac t iv i t i e s  were a 

complete success .  

t h e  f low of e v e n t s  f i t t e d  smoothly i n t o  t h e  t i m e  schedule  t h a t  had been 

set beforehand.  

everyone involved  as t o  t h e  l u c k  we  enjoyed wi th  good weather ,  a minimum 

of  mechani.ca1 f a i l u r e ,  and no a c c i d e n t s .  

A f t e r  a s l i g h t  d e l a y  a t  t h e  beginning  of  t h e  o p e r a t i o n ,  

The success  w a s  due as much t o  t h e  coope ra t ive  s p i r i t  of 

A s  h a s  been mentioned i n  ear l ie r  A I D J E X  b u l l e t i n s ,  t h e  P o l a r  Con t inen ta l  

She l f  P r o j e c t  (PCSP) of t h e  Canadian Department of Energy, Mines and Resources 

provided t h e  major  l o g i s t i c  suppor t  f o r  t h e  A I D J E X  f i e l d  ope ra t ions .  

t h e  main ice  camp t h i s  inc luded  h e a t e r s ,  f u e l ,  f u r n i t u r e  f o r  t h e  l i v i n g  

q u a r t e r s ,  P a r c o l l s ,  t e n t s ,  e lec t r ica l  power, r a d i o s ,  Decca r e c o r d e r s ,  i c e  

t o o l s ,  food,  and one cook. 

A t  

A l l  A I D J E X  i n v e s t i g a t o r s  t r a n s p o r t e d  t h e i r  own p a r t i e s  and s c i e n t i f i c  

equipment t o  Tuktoyaktuk (Tuk), Northwest T e r r i t o r i e s ;  from t h e r e ,  PCSP 

a i r l i f t e d  i 2 1 1  pe r sonne l  and equipment t o  Camp 200 on t h e  ice. 

t h i s  a i r l i f t  service, PCSP c h a r t e r e d  a B r i s t o l  f r e i g h t e r ,  a Twin Otter ,  

and a Singjte Otter a i r c r a f t .  A t  Camp 2 0 0 ,  two h e l i c o p t e r s  ( a  B e l l  204 and 

a B e l l  2 0 5 )  were used by t h e  PCSP hydrographic  team, and AIDJEX w a s  a b l e  

t o  schedu le  45 hours  of h e l i c o p t e r  t i m e  t o  e s t a b l i s h  and man t h e  remote 

s t a t i o n s  and t o  p e r i o d i c a l l y  record  t h e  Decca c o o r d i n a t e s  f o r  them. 

To p rov ide  

The fo l lowing  i s  an  e d i t e d  v e r s i o n  of t h e  d i a r y  I kep t  du r ing  t h e  

It  w i l l  d e s c r i b e  t h e  e s t a b l i s h m e n t ,  maintenance,  and f i e l d  ac t iv i t i e s .  

evacua t ion  of t h e  p r o j e c t .  

On February 24 I a r r i v e d  a t  P o i n t  Barrow, Alaska,  where l o c a l  workmen 

a t  t h e  Naval Arc t ic  Research Lab had p r e f a b r i c a t e d  t h e  1 4  

were t o  house t h e  A I D J E X  s c i e n t i f i c  p a r t i e s  a t  Camp 200 on t h e  ice.  

t i m e  s chedu le  i n  A I D J E X  B u l l e t i n  5 had c a l l e d  f o r  t h e  a r r iva l  of t h e s e  

b u i l d i n g s  which 

The 
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b u i l d i n g s  a t  Tuk on February 25. This  w a s  a clear i m p o s s i b i l i t y ;  n o t  o n l y  

had t h e  B r i s t o l  a i r c r a f t  n o t  y e t  a r r i v e d  a t  Tuk t o  t r a n s p o r t  t h e  b u i l d i n g s  

t o  Camp 200, b u t  t h e  ice  f l o e  on which Camp 200 w a s  t o  b e  e s t a b l i s h e d  had 

n o t  been found. W e  were a l r e a d y  la te .  

W e  t r i e d  t o  f i n d  o u t  what w a s  happening a t  Tuk so  t h a t  w e  could  

h e l p  s o l v e  whatever  problem w a s  caus ing  t h e  de l ay .  Words cannot  convey t h e  

f r u s t r a t i o n  of communicating q u e s t i o n s  and answers between P o i n t  Barrow and 

Tuk. A commercial t e lephone  does connect  t h e  two p o i n t s ,  b u t  by t h e  t i m e  a 

c a l l  is rou ted  sou th  through Alaska i n t o  c e n t r a l  Canada and back up n o r t h  

t o  Tuk, t h e  s i g n a l s  have a l l  b u t  faded  completely.  The DEW-line o f f e r s  

ano the r  p o s s i b l e  te lephone  connec t ion  ( i t  w a s  i n v a l u a b l e  i n  coord ina t ing  t h e  

remote-sensing o v e r f l i g h t s  from E i e l s o n ) .  Unfo r tuna te ly ,  PCSP a t  Tuk d i d  

n o t  have access t o  t h i s  connec t ion ,  except  i n d i r e c t l y .  The DEW-line o p e r a t o r  

a t  Tuk had t o  c a l l  PCSP and leave word t h a t  P o i n t  Barrow wanted t o  t a l k  t o  

them. PCSP had t h e i r  own t r o u b l e s ,  n o t  on ly  o rgan iz ing  t h e i r  hydrographic  

group b u t  a l s o  p repa r ing  f o r  t h e  imminent a r r iva l  of t h e  AIDJEX p a r t i c i p a n t s ;  

and they  were no t  always a b l e  t o  respond. A l l  w e  could do w a s  t o  ca l l  down 

t o  our  groups i n  t h e  States  and d e l a y  t h e i r  d e p a r t u r e  so  t h a t  t h e  l i m i t e d  

PCSP f a c i l i t i e s  a t  Tuk would n o t  b e  over taxed .  

The b u i l d i n g s  and I wai ted  a t  P o i n t  Barrow u n t i l  March 1, when 

r ece ived  word t h a t  t h e  i ce  f l o e  f o r  Camp 200 had been found. I n t e r i o r  

Airways C-130 Hercules  immediately began making i t s  t h r e e  f l i g h t s  t o  Tuk 

w i t h  t h e  b u i l d i n g s  and some equipment from t h e  U n i v e r s i t y  of Washington 

group. D r .  Max B r e w e r  of NARL s e n t  a long  a five-man c o n s t r u c t i o n  crew t o  

assemble t h e  h u t s  a t  Camp 200. Without h i s  g e n e r o s i t y  i n  p rov id ing  t h e s e  

c a r p e n t e r s ,  t h e  e s t ab l i shmen t  of Camp 200 and t h e  i n i t i a t i o n  of  t h e  p i l o t  

s tudy  would have been s e v e r e l y  delayed.  

Upon our  arr ival  a t  Tuk, w e  d i scove red  t h a t  t h e  B r i s t o l  a i r c r a f t  

had i n  f a c t  a r r i v e d  several days earlier,  b u t  had been damaged whi l e  be ing  

towed o u t  of t h e  hangar .  F o r t u n a t e l y ,  t h e  Twin O t t e r  had a l r e a d y  begun 

t r a n s p o r t i n g  t h e  PCSP equipment t o  Camp 200. It and t h e  B r i s t o l  (which w a s  

r e p a i r e d  by March 2) were a b l e  t o  f i n i s h  t h e  Canadian h a u l i n g  i n  t i m e  f o r  

t h e  B r i s t o l  t o  beg in  c a r r y i n g  A I D J E X  b u i l d i n g s  and t h e  c o n s t r u c t i o n  crew t o  

Camp 200 on March 3 .  It c a r r i e d  two b u i l d i n g s  on each f l i g h t .  The carpen- 

ters d i d  an  e x c e l l e n t  j o b ,  assembling t h e  h u t s  as f a s t  as t h e y  were d e l i v e r e d .  
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The a i r l i f t  o p e r a t i o n  went w e l l ,  thanks  t o  good weather  and t h e  

w i l l i n g n e s s  of t h e  p i l o t s  t o  f l y  a g r u e l i n g  schedu le ,  sometimes s topp ing  t o  

rest o n l y  du r ing  a i r c r a f t  maintenance checks.  The S i n g l e  Otter and t h e  T w i n  

Otter a ided  t h e  B r i s t o l  i n  s h u t t l i n g  pe r sonne l  and equipment, and w e  were 

a b l e  t o  t r a n s f e r  people  wi th  a minimum s t a y  a t  Tuk. 

u s u a l l y  he lped  t o  load  and unload t h e  a i r c r a f t .  The DEW-line s t a t i o n  

manager, Douglas McKay, w a s  v e r y  h e l p f u l  t o  us .  H e  l e t  us use t h e  DEW-line 

hangar  as a temporary warm s t o r a g e  f o r  a l l  our  s c i e n t i f i c  gea r  and as a 

p l a c e  i n  which t o  make t h e  a i r p l a n e  maintenance checks.  

Those who w e r e  w a i t i n g  

The f l y i n g  weather  tu rned  bad and one B r i s t o l  engine  f a i l e d  mechani- 

c a l l y  on March 7.  The cont inued  use  of t h e  B r i s t o l  w a s  c r i t i c a l  t o  t h e  

A I D J E X  o p e r a t i o n .  Frank Hunt of PCSP performed t h e  imposs ib le :  he  ob ta ined  

a second Bi r i s to l  f o r  us  on March 9 .  Four days l a t e r ,  t h e  l a s t  load  of per -  

sonne l  and equipment a r r i v e d  a t  Camp 200. By t h e  fo l lowing  day,  a l l  

p r e f a b r i c a t e d  b u i l d i n g s  had been e r e c t e d .  

base  on March 2 1 ,  having completed t h e  f i r s t  phase of f l i g h t s  between 

Tuk and Camp 200. 

The B r i s t o l  r e tu rned  t o  home 

During t h e  s c i e n t i f i c  a c t i v i t i e s  a t  Camp 200, l o g i s t i c  suppor t  

went r o u t i n e l y .  

food,  m a i l ,  and s p a r e  p a r t s .  We always t r i e d  t o  f i l l  i t  f o r  i t s  r e t u r n  

f l i g h t  w i t h  d a t a  t a p e s ,  water samples ,  and gea r  t h a t  w a s  no longe r  needed. 

The Twin Otter f lew a t  l eas t  eve ry  second day w i t h  f u e l ,  

S ince  on ly  a s i n g l e  te lephone  l i n e  connec ts  Tuk wi th  t h e  o u t s i d e  

world,  w e  were g l ad  w e  had taken  a long  an amateur r a d i o  s t a t i o n .  

a low-powered t r a n s c e i v e r ,  and w e  were a b l e  t o  use  two bands (15 and 20 

me te r s ) .  I t  w a s  a good supplement t o  t h e  l i m i t e d  phone f a c i l i t i e s ,  because 

w i t h  i t  w e  could  make c o n t a c t  w i t h  o t h e r  amateur s t a t i o n s  i n  Canada and t h e  

It  w a s  

U . S . ,  who i n  t u r n  could connect  us  t o  t h e  phone network. The t r a n s c e i v e r  

a l s o  performed w e l l  a t  Camp 200. 

On March 26 ,  t h e  CRREL-USGS group l e f t  Camp 200. From t h i s  day 

through A p r i l  16 ,  t h e r e  w a s  a more o r  less cont inuous  exodus of gea r  and 

people ,  w i th  p a r t i e s  l e a v i n g  i n  t h e  same o r d e r  t hey  had a r r i v e d .  Every- 

t h i n g  w a s  recovered except  t h e  p r e f a b r i c a t e d  b u i l d i n g s ,  which were s e a l e d  

i n  t h e  hope t h a t  t h e  f l o e  would s t a y  i n  one p i e c e  u n t i l  nex t  yea r .  

pyramid of empty o i l  drums w a s  cons t ruc t ed  t o  mark t h e  abandoned campsi te  

f o r  f u t u r e  radar d e t e c t i o n .  

A 

The camp w a s  abandoned on A p r i l  16.  
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The i c e  around t h e  camp remained i n  good c o n d i t i o n  throughout t h e  

p i l o t  s t u d i e s .  

one about 160 f e e t  from t h e  b u i l d i n g s .  

f e e t ,  b u t  n e i t h e r  t h i s  r e d u c t i o n  nor  t h e  s e v e r a l  h a i r l i n e  c r a c k s  t h a t  deve l -  

oped on t h e  runway prevented  t h e  B r i s t o l  from completing t h e  evacua t ion  w i t h  

l o a d s  of up t o  8,000 pounds. 

Leads d i d  begin  t o  open around us i n  l a t e  March, t h e  n e a r e s t  

It reduced our runway by about 100 
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