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ABSTRACT 

The last  of a series of four high resolution refraction 
aurvays was carried aut by the 6ealaqical Survey af Canada C G S C )  
in the Akpak Platcau a r m a  af the Southern Beau-fart Sea, in order 
to carry on the sea t r ia l s  of the latest prototype of a 24- 
channel, deep-towed rrfractim array. This new refractlion 
technique! is utilized far the detec t ion  & ancrraalpusly high 
romprcasianal wave velocities indicative of subsea permafrost. 
The refractian  system was deployed f r o m  the C.6-S.  Nahidik almg 
with a suite af reflection profilers including a 3,5 kHz p i n g w ,  
a b i b a m ,  and a small airgun array. 

The Pbjtxtivca of the survey w a r  ta increase the roverage 
of recmnaissancc liner in order to map t h e  rtegiwral distribution 
af the shallow ice-bearing permrfraat present across the swthwn 
Akpiak P1 ateau. I n  addition, a site spmcific SUFVC~Y was 
conducted over a qeolagically cmmplex r m e  i n  order ta eva luate  
the cffictiveness of the nmw technique in mapping ice-bearing 
sediments throughwt a pattern of closely spaced seismic lines. 

The results indicate that the mrma%w.rament o-f P-wave 
velocities pr'avidfss conclusive  evidence af occurrences of frozen 
sediments that  are only 'acoustically" p i c t u r d  on the reflection 
recards; and mmreover the r e f r a c t i o n  technique can detect thin,  
marginally frazan beds that are not easily recognizd [M the 
reflection rercwds. Cln the basis of velocity &rcrvations and 
interpretation a+ high resolutim reffaction prnfilms, ' a new 
seismio-stratigraphic modal is p r o p a d  to accPunt +or the thick 
(up t o  20m) saqumce that deposited during deglariation and the 
subnrqumt submergence o+ this region af the Akpak Plateau. 
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RESUE 

Le dwniear rrleve d'una sdrie d e  quiatre effectuCs au 
mayen de 1 a s i s m i  que r&f racti on a CtB! real i d  par I a Commi ssi an 
G4oloqique du Canada (CGC) dans les baux cWieres du Plateau 
Akpak qui se situe dans la partie sud de la mer de Beaufort. 
Ceci a f i n  de pourrsuivrcn les essais en mer d'une flCstc cornprenant 
24 t racer  et qui est reawqude p r b  du fand de la mmrI h t t e  
technique permet de dCtsr tw o a t  d e  cartagraphiar le p e r g b l i s a l  
present siws lcsr fonds marins A partir d m  viteswr sirmiques de 
compression qui scmt anrrrmalermant i l e v d e s  d m r  les sals  gsl&r. 
Le systeme prhentement  A l'arsiaaf, ainsi que d i f f e e n t s  s m d w r  
de sddiments (3-5 kHz p inger ,  hiboom, et canons P air), ont 
it& mi% en ~ ~ u v r e  par t i r  du navire C.G.S. Nahidik. 

1'objctrt.if des sandages i t a i t  d ' a u g m t e  IC nrrrrbre de 
p r o f i l s  obtenus a 1 '8chelle rbgimale a f i n  de m i w x  camprendre la 
distribution du nivscau aupwieur de pergdlisol prthsmnt sous le 
plateau,  Un releve p l u s  ddtaill& a Bt& aussi r e a l i d  d a n s  we 
zone giolmgiqummmt coap lexe  afin d'bvaluer 1 'efficacit+ du 
nauval apparei l laqe  d e  sillsrique refrrctian lors de la 
cartographie du pergdlirol le lang dm traves- rapprpchks. 

Les rdsrsultats ont dhontrfi qua, less -BS de v i t e s s e  de 
propagation abtsnurs sur les r&me~+ profiles que ccux t r a v e r d s  en 
%ismiqua rMlexion,  permettlrrmt d ' i d m t i f i a e r  avsc une plus grande 
c e r t i t u d e  la prhence  d e  sWiarents gel&% dant 1 ' ex is tmce  ne p m t  
@tre que d i d u i t e  larc de l'interprdtatian der ewractbres 
<amplitude, signature) des rL+lectrura. L'analysm des vite5-a 
accwstiqums p w m t  egalewnt de datcactw d e  minces lita dm 
perg&liso l  qui ne sont par toujours viriblasr sur le5 
ruregistramentr dm simnique r l f l e x i m .  & partir de l'dtudc des 
vitesse% de propagation st de  l ' a n a l y s e  das spndaQe8 sismiques 
continus, l ' w u t c u r  prthcsntrs un madel lithorismique des d&pgts 
que 1 'on r r t r o u v o  sur c e t t a  partie du Plateau. C e r  d&ptks, 
d'une Bpaiss~lr pwsvant atteindre 2onr, ant rccumld durant la 
ddglaciation de cettr re ion et lws de l a  transgression marins 
subdquehntm. 
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1. . 1 ,I NTROIDIJC'T I ON 

F o l l o w i n g   s i m i l a r  praqramc conducted i n  19a5 through 

1987, a f o r t h  combined h i g h   r e s o l u t i a n  r e f r a r t i a n / r e . f l e c t i o n  

survey was c a r r i e d  aut by the Geological Survey of Canada (FISC) 

dur ing  thp open water  season of: 1988 i n  t h e  Akpak Flateau area 

nf the Southern  Beaufort Sea (F igure  1 ) .  The f i e l d  i n v e s t i g a t i o n  

was a j o i n t  e f f o r t  between t h e  A t l a n t i c  Geoscience Centre of t h e  

Bedford I n s t i t u t e  o f  .Oceanography i n  Dartmouth and t h e   T e r r a i n  

Sciences D i v i s i o n   i n  Ottawa. The g e o p h y s i c a l   f i e l d  work was 

conducted rslnbuard t h e  C.G. S .  Nahidik, a shal low d r a f t  vessel of 

a l e n g t h  a+ a p p r o x i m a t e l y  55-11 from Hay R i v e r  hamc port . .  

The present r e p o r t  covet-sj o n l y   t h e  combined r d r a c t i a n  

and r e f l e c t i o n  data t h a t  totalize abaut 2,500 r e f r a c t i o n  

seismograms collected alnng w i t h  about 310 km of  r e f l e c t i o n  

p r o f i l e s  i n c l u d i n g  5 . 5  kHz: subbottom profiler, Llnihoorn, and 

a i rgun  records.  This  phase of t h e  seismic program, wtdert tken 

under t h e   d i r e c t i a n  of  Dr- J . A . M .  Hunter o f  the 'Terrain S c : i e n c e s  

D i v i s i o n ,  a i m e d  to c a r r y  on w i t h  the sea t r i a l s  of deep-taw 

r - e f r a c t i m  arrays which are utilized p r - i m a r i l y   f o r   t h e   d e t e c t i o n  

of shal low subsea permafrost .  The remainding l i n e  coverage, ar 

about 905 k:m f o r  a to ta l  of  1,215 km t r a v e r s e d  dur ing  t h e  e n t i r e  

s u r v e y ,  is concur ren t l y  being i n t e r p r e t e d  as p a r t  of  a reginnal  

geo logy  program under- the  leadership nf M r .  S,M. Bl.asco a+ t h e  



I 38 

70 30' 

7 0  00' 

6 9 O  30' 

FIG. 1 LOCATION OF THE SURVEY AREAS. 



-,. 1 he survey area concerned was p r e v i o u s l y  sur-veyed b y  t h e  

'Terrain Sciences D i v i s i o n  d u r i n g  three d i s t i n c t  field apera t inns  

w h i c h  were conducted i n  1985, 198h and 1987 acrars t h e  AkpaP: 

F'1 ateail,  Kugmal X it Channcl and Tingmi  ark P l a i n  (Figure  1 )  , 'The 

I " E ; S U ~ ~ S  of the  1985 through 1987 f i e l d  programs were presented t.o 

t h e  GSC: under separate covers ( F u r - t i n ,  198h7 1987 and 19B38). 

1.2 OBJECTIVES 

The p r i m a r y   o b j e c t i v e  o f  each of  the 1985 t h r o u g h  1988 

siurvey was .to test var ious  proto types  af deep-towed 12 and 24 

c h a n n e l  r e f r a c t i n n  a r r a y s  t h a t  p r o v i d e  continunus measurement. af 

cctmprcsjsi (mal wave vel ac i ti es I These experimentations were 

.facusrcl c : h i e f l y  nn the detection of s h a l l o w   i c e - b e a r i n g  

permafrnst. to a depth of about 20-25m b e l o w  seabed. A secondary 

o b j e c t i v e  was to evaluate t h e  e f f i c i e n c y  o f  t h e  new r e f r a c t i o n  

system i n  distinguishing seabed materials and shal.10~ subbat tam 

layering i n  terms o f  acoustic p r o p e r t i e s  and i n f e r r e d  

lithofacies. 

Mnre specifically, the  o b j e c t i v e  of the  1988 field 

investigations was of  two folds: f i r s t l y 7  ta iner-ease t h e  

r e c o n n a i s s a n c e - l e v e l  1 i n e  coverage across the  s o u t h e r n  FSkpaCi 

Plateau i n  order to study t h e  regional distribution of shallow 

ice-bearing p e r m a f r o s t  and to reconst ruct  t h e   p a l e o g e o g r a p h y  of 
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SECT I ON 2 - GEOLOGICAL SACt<Gp_OU.~-Q 

" ~ ~ ~ _ " C u r r c o n f o r * m i t y . ' '  -.- Units fi and b overlie a rcqional  
unconf ormi t y  k h a t  marks the ' tup P+ an older 
unit. The U n i t  C uncanformity represents  a 
p r e v i o u s  land surface which was9 subaer ia l ly  
exposed to arctic conditions and permafrost 
aygrndatian during L a t e  Wisrnnsin glaciation. 

"unit C" - an under ly ing  I much older scquencr whose 

known, and p r o b a b l y  c o n t a i n s  sediments 
ariginal depositional environment is pnorly 

derived frum former continental ( g l a c i a l  'I 
f 1 uv i  a1 and col i an 1 and transitional 
(deltaic, littoral) environments. 

e I n  the  present rcpnrt., Units A and B are designated 

collectively a5 the "surficial arrdimmt". The acoustic horizon 
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d e p i c t i n g  t h e  surface af t h e  underlying U n i t  C unronfarmity  is 

g e n e r a l l y  r e f e r s  ta t h e  t o p  o f  U n i t  C of  t h e  O'Cunnor model. 

I n  several places beneath   the  shelf, t h e   d i s t . i n c t i o n  

between .Un i t .  A and U n i t  €3 is f r a u g h t  with numerous problems. One 

a f  t h e  must ser ious  dif.ficultiea i n  delineating t h e  shallaw 

s t r a t i g r a p h i c  i.mit$ an .the reflection records  is t h e  g a u g i n g  of  

the i c e  keels into the seabuttarn, o r  the ice-scouring pracess. 

As a result. of  ice-scouring,  t h e  s w f i c i a l  !sediment i% remnulded 

at variaus degree and hence their original sedimentary 

strl.trtr..trE?S and gemtechnical propertics may be severe ly  mcrdif i e d  

ta a certain d e p t h  below t h e  seabed. In addition, Hill et al. 

(1985) indicated t h a t ,  in same parts  af the Beaufort Sea, U n i t s  

B and C are  interpreted t.a be laterally e q u i v a l e n t '  and 

contemparaneous, making the  correlations difficult between t h e  

observed acaust ic  horizons and s p e c i f i c  units of  t h e  madel. For 

these reas;ons, t h e  O'Cunnot- madel is used o n l y  as a r e f  er-ence 

f o r  the gross surficial gcalagic units nf t h e  Beaufort Sea. In 

complex areas, additional s u b - u n i t s ,  unconf armi ties and new 

int ,arpretat ims are i n t r o d u c e d  i f  necessary.  

The physiographic provinces adopted throughout this 

r e p a r t  (Figure 1 )  are those proposed by the GSC f o r  the Canadian 

Beaufort continental shelf (O'Ccmnor-,  1982a). The shelf has 

hean subdivided into n i n e  physiographic regions  which  had  been 
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e s t a b l i ! s h e c i  b y  O'Ccrnnur after.  reviewing t h e  ShalXaw stratigraphic 

t h e  R k p a k  F'latea-t, the Kugmal I it Channel , a n d  t h e  I k i  t Trough. 

As m u s t  uf the :xi smic (:overage was obtained o v w  t he  67C::paI:: 

Pla teau ,  a p a r t i c u l a r  a t t a n t i a n  is g iven ta t h i s  region in t he  

According t u  O ' C m n o r  (1982a), U n i t  A on the  Akpak 

Plateau is general ly  thin, averaging abaut 3 m  in thickness, b u t  

may be locally absent an t h e  e l e v a t e d  Plateau (e.g. Is%erk 

bar raw p i t )  I The paleotopcqraphy of  the I J n i t  C uncnnformity is; 

c h a r a c t e r i z e d  by n ~ . t m @ r - ~ ~ t ~  shallow lakes that  have  been i n f i l . l e d  

by variable U n i t  B sediments during the  subsequent. transgressian.  

E a r l y  work n f  O'Cannar (1977; in O'Connor 1982b) 

i n d i c a t e d  tha t  t h e  occurrence af hummocky Acoustically defined 

PermaFr-ost , or t h e  acronym APFo in t h e  nearshore area 

immediately n o r t h  af Ful len Island is widespread b u t  extremely 

ramplex. A later study b y  the same author (O'Connar,  1982b), 

basad on a 1 imited number- o f  se i smic  prof  i le%, tends ta cor7.f i r m  

h i s  earlier findings i n  t h e  area n o r t h  of  F'u l l en  Island. 

However-, t h e  d i s t r i b u t i o n  of the A F F  r e f l e c t o r s  shown i n  this 

study (Q'Conner, 1982b; drawing No. 5 . 9 )  indicates t h a t  t h e  

occurrence u.f APF reflectors is significantly l e s s  frequent in 

t h e  area nor th of  Pullen I s l a n d  < s o u t h  af approximately Latitude 
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6SC, 5 i 5 ' N )  than  anywhere on the Akpak P latea .~ .  Further .   o f fshore ,  

O'Connor (1982b3 i n d i c a t e d  t h a t  hurnmurC::y AF'F is common between 

134'" wrsd X35O W Longitude in water depths up to appraximately 

horn (I 

In a more recent s t u d y ,  based c3n w comparison af  

gentechnica l  and shal low seismic evidencc,  0 ' Connnr- { 1984 i 

"same af t h e  hummocks occur only as s p o r a d i c   o u t l i e r 5  or  
i s l a n d s ,   w h i l e  others occur i n  close p r o x i m i t y   t o  o n e  another-. 
Each may be separated f r a m  its, naighbaur by a zone where no i ce -  
banding i s  apparent.  H~~mmacky  APF i s l a n d  may v a r y  from a few 
tens of metres to many 1::iI.ometres in t h e  la teral  dimensinn. Many 
nf t h e  :smaller APF i s l a n d s  are b e l i e v e d  to be  limited in 
th ickness ,  b u t  it is p o s t u l a t e d  t h a t  l a r g e r  ones may bc directly 
connerted *:a t,he d e e p e r  thicC::,ar, ice-bounded permafrost  which 
is knnwn to CKCW at depth" .  

"Hummcxhy AF'F i s  a c h a r a c t e r i s t i c  feature  of the  upper 
5 0 m  of sediments on bath t h e  Akpak Plateau and the  Tingmiarl:: 
P l a i n ,   b u t  it also u n d e r l i e s  t h e  shallow waters of  Kugmal l i t  Bay 
and p a r t  o f  the nearshare z o n e  along t h e  Tuk F ' e n i n s u l a " .  

According ta O'Connot- I1984), approximately 70% of t h e  

hummocky APF cons i s t s  of non-v is ib le  ground i c e ,  and o n l y  about 

20% C m S i S k s  of v i s i b l e  ice. Where hummocky CSPF could be 

c-lireckly correlated to v i s i b l e  ice i n  t h e  borehole ,  t h e  ice 

c o n t e n t s  ranged from merely a t race  ta approximately 1 0 % .  Most 



1~lvel .s  of  j . t :e-bondiny beneat.h the  AkpaL: Flateau. Of i n t e r e s t  +or 

the  present. r-epart. ,  is t h e  shallowest level nf APF which CJCCLITJ 

from approximately 13m ta 5 0 m  below the seabed and comprises 

most ly  di scnr1t:incmus ' hummocky BPF i s l a n d s .  The depth af the  

hummmky A P F  becomes s i g n i f  irantly shal lower at t h e  5oLtther-n 

tnnundnry (70" L a t i t u d e  N) of t h e  mapped area; APF , features 

w i t h i n  5 " m  o f  t h e  seabed ' were n o t e d  west af Issungnak CI.-61 

we1 I. si tc. 

The Kugmall it Channel has been e x t e n s i v e l y  i n f  i 1 l e d  by a 

f i n e - g r * a i n e d  sediment  that  may exceed 20m in th ickness i n  t h e  

scxtt.hern p a r t  nf the  Channel. The channel i n f  i l l i n g s  are thought 

tn i n c l u d e   U n i t  A s e d i m e n t  which  has been  remaulded t o w a r d s  its 

base by  t h e  ice-scouring process and mixed w i t h  U n i t  B sediment; 

t h i s  resulted i n  a th ick  paleascour zone which r e a c h e s  almost to 

t h e  U n i t  C unconformity (Fortin et al., 19871, The o c c ~ ~ r r e n c ~ s  

of shallow APF are  much less f r e q u e n t  underneath t h e  Kugmall it 

Channel t h a n  under   the   adjacent   physiographic  p r o v i n c e s ,  i.e. 

the  W p a k  Flatear-\ and the  Tingmiark P l a i n .  The near absence of 

s h a l l o w  AFF beneath t h e  Channel is attributed ta a w i d e  and d e e p  



kalil:: rune which was pr-esjent. underneath 

R i v e r  (Fortin, 1988a) I 

O'Cannar ( 1 9 8 2 ~ 1 )  described 

stratigraphically cnmplex relic l a w l a n d  

appear. .to bc general  1 y f i ne-grai ned 

the  I k i t  Trough as a 

i n  which shallow s t r a t a  

and laminated. In water 

depths  of 50m CJP" 1~1ss, the shallow geology of  t h e  I k i t  Trough is 

c h a r a c t e r i z e d  b y  a series af deep, steep-sided and .Flat-bott:omed 

dcpr"e%is ions  ( e . g .  Haaper C h a n n e l  Fortin, 1988b). IJ'Cannor 

lop. cit.) 'reported t h a t  these d e p r e s s i o n s  are  extremely 

r a m p l e x  , having bean infilled i n  a series of stages which have 

i nr1 u d e d  sl umpi ng prograding marginss, and t.he subsequent 

d e p o s i t i o n  uf laminated, flat-lying sediments in t h e  c e n t r e .  

The presence of  twn unconfarmities in t h e  shallow section is 

annt*har- impartant c h a r a c t e r i s t i c  o f  t h e  I k i t  Trough, 

I 

Accnrding to Hill at al. (19851, t h e  relative sea-level 

(RSL) rose o f  140m since 27,000 years BP (Figure 3 ) .  During 

t h i s  p e r i o d  af sea leva1 deprecsian, t h e  continental s h e l f  was 

e x p o s e d  to a periglacial climate whi.rh was prevailing d u r i n g  the 

last Wisconsin glaciation, and consequent pcrmaf vast. 

aggraclat i an A s  t h e  sea level rose during the  follnwing 

deglaciation, the shallow permafrost degraded and t h e  permafrost  

table was depressed to i t s  present level d u e  to t h e  thawing i n  

re%spcJlnsie! to a warmer transgressive sea and sa l ine  advection 

(Fur t in ,  1988a). 
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'The morainal deposits ( I Jn i t  M T / V  af Rampton, i%7) 'I 

p r i m a r i l y  t h e  t . i l 1  and t . i l l - r e l a t e d  fac i e s ,  have been asisignecl 

ta the T a k e r  Point Member af the Tuktoyaktuk  Formation. Mnrai rlal 

clepnsits uf the T ~ k e t -  P a i n t  Member consist primarily a+ a s t m y  

clayey diamicton. Typically t h e  makerial ccmtair-m 3 to 29% 

c:la-st;s greater than  2mm i n  :size ancl t h e  remainder cantainwr 1 0  t o  

90% s a n d ,  %S t u  45% s i  It, and 50 t n  50% clay. Rampton and 

Buuchard (1975 j.i. Rampton 1988, p . 4 9 )  noted that  ''beds and lenses 

uf sandy, s t o n y ,  diamictan o c r a s i m a l l y  c x c u r  w i t h i n  this unit 

where it abuts against or is underlain by  g r a v e l "  i n  the 
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Ramptcm ( l Y 8 G ' )  c l e s r r - i b s d  a mechanism in which  t .ha  upper 

The K i t t i g a z u i t  F i r m a t i o n  is; typically a l ight  brown, 

t h i n l y  bedded sand; individual beds are cmmrnonly r3.5-8 c m  thick.,  

silty .f ine sand  to a clean f i n o  sand nr- from a clean fine sand to 

Kikkigazuit Formation is the presence of  t h i c k  fareset beds w i t h  

a common strike and d i p ;  they art; up to 5 2 m  thick on n o r t h e r n  

I s l a n d .  I n  t h i s  area, t h e  Kittiga;t:ui.t Fornlat iun may have B 

m i n i m t n r n  t h i c k n e s s  of 1 8 - 2 0 m .  Ramptnn Cl?S8) indicated t ha t  the 

Kittigazuit. Formatinn wit .h  i t ' s  XaryP faresets represent d e l t a i c  



Fol-.mati on w.\gge%t a c:al d dry r l  imate d u r i n y  its depcmi t i. on. 

Alternatively, J.-S. Vincent ( E X ,  pers. cnmm. 1988) suggested 

that the Kittiqazuit Format im may be large sand  dunes which 

wuuld be nr ic r r ted  i n  a northeast d i r e c t i o n .  

M u c h  o f  Richards Island is underlain b y  more than 6 0 O m  of 

permafrost, with an a c t i v e  layer having thicknesses generally 

campriae between 0.2 and 0 . S m  in vegetat iun-rovered terrain a n d  

s l i g h t l y  t h i c k e r  in hare s a n d y  or g r a v e l l y  areas (Rampton, 1988). 

Figure 4 illustrates the g l a c i a l  limits d u r i n g  M i d d l e  

Pleistocene Mason R i v e r  Glaciation, and t h e  E a r l y  Wisconsinan 

Toker  Faint and F r a n k l i n  Bay stadas. T h i s  f igure  shows tha t  

g l a c i a l  r n a c i m u m  d u r i n g  t h e  Toker  Paint Stadc reached a NW-SE 

oriented limit some 30 1::m northeast of Pullen Island. On the T u C : :  

Feninsula (Rampton, 1'787) , t h i s  glacial li m i t  delineates the  

northern boundary af ire-cantact deposits and local  areas o f  

morainal depnsi ts IlJnit G T/X ,  Map 1647A) 'I generally 5 t~ 20m 

t h i c k .  North of t h i s  l i m i t ,  t h i c k  outwash p l a i n s  and valley 

t r a i n s   ( U n i t  G T/P,  Map i 6 4 7 A ) ,  generally 3 to 30m t h i c k ,  have 

heen mapped i n  the northern edQe uf the Tuk P e n i n s u l a  (assigned 

t.0 the  Cape Dalhausie  Sands). Ramptan (1988) indicated that when 

E a r l y  Wisconsinan j.ce stood at its maximum e x t e n t ,  meltwater 

undoubtedly flowed northward into t h e  Beaufort Sea and deposited 

a large volumes af aukwash. 
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Ramptan (1988) has i n d i c a t e d  a t e n t a t i v e  Early 

Wiscansinan age f a r  t h e  Taker P o i n t  S t a d e  g l a c i a l  l i m i t  or) t h e  

Tuk Feni n s u l  a a1 thaugh Hughes 1987) w.tgge%ited t h a t  this I i m i  t 

i s  t h a t  o f  a glaciation yrxcnger t h a n  t h e  Hungry C r e e k  C l a c L i a t i a n  

in Bul-,net Pllurne Basin and the  carrelative Buckland  Glaciation in 

n a r t h w n  Y u k u n .  According ta Hughes Iop,  cit.), t h e  advance af  

t h e   L a w e n t i d e  i c e  sheet tu it% all-time limit culminated as l a t e  

ac 3 J 9 ( X ) ~ 3  BF dcrring the  Hungry C r e e k  G l a c i a t i o n .  T h i s  author 

reparted .that t h e  Hungry Creek Glaciation was followed by t w o  

s i g n i f i c a n t  readvances. on the  m a i n l a n d :  the  T u t n i e t a  Lake Phase 
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SECTION 3 - PREVIOUS WORKS 

D u r i n g  t h e  1 a s t  decade, t h e  GSC have tested va r i cua  

r e . f r - a c t i r J n  arrays i n  Order  t o  measw-e t h e  c m p r e s s i n n a l  wave 

velocities associated w i t h  ice-bearing s e d i m e n t s ,  seabed 

materials, a n d  sjuhtnattam l a y e r i n g .  The USE? of  surface-tnwe?d 

a r r a y s  has bean d i s c a r d e d  d u r i n g  t h e  e a r l y  phase o f  t h e  p r o j e c t  

beca~tsa t h e  field gmmetr-y is c o m p l i c a t e d  by the  presence af a 

t h i c k  water layer liiuntcr et al., 1976). The f i r s t   g e n e r a t i o n  

of  r e f r a c t i o n  arrays was designed far d e p l o y m e n t   a n  the sewflaar 

f rom t h e  ice s u r f a c e  (Hunter et d l . ,  1979) or f rom a s h i p  

(Hunter et d l . ,  1 9 8 2 ) .  A l t h o u g h  t h e  aeabottam-laid r e f r ac t ion  

ar rays  are  capable of  providing v e l o c i t y   m e a s u r e m e n t s  and 

i n f o r m a t i o n   u n  the  sediment types ,  t h i s  t e c h n i q u e  is time- 

c n n s t m i n g   b e i n g  ccrrrent.ly limited ei ther  ta a v a i l a b l e  l eads  i n  

sjea-ice, or by frequent stopping and a n c h o r i n g  during s h i p b o r - n e  

a p c r a t i a n s .   H e n c e  the  seabattom-laid r e f r a c t i o n  arrays can 

only be c a n c i d e r e d  f o r  r e c o n n a i s s a n c e  surveys ra ther  t h a n  

pipcline r a u t i n g   a n d  s i t e  i n v e s t i g a t i a n s  (Hunter et al. 'I 1979). 

T h i s  problem was largely overcome d u r i n g  t h e  field 

seasans of 1985 and 1986, by using a 12-channe.l, deep-tnwed 

hydrophone array (Goad et d l . ,  1984). The m a i n   a d v a n t a g e  af a 

deep-tawed m a r i n e  eel over a -  similar b o t t o m - l a i d  ar ray  is t he  

capability of  a c q u i r i n g  velocity data i n  a c o n t i n u o u s  mode w h i l e  

t h e  ship  is c r u i s i n g  a t  a normal survey speed of  3 to 5 k n o t s .  



The f i e l d  experiment: with t h e  l a - r h a n n e l  deep-tawed eel  has Shawn 

that. t h i s  t e c h n i q u e  is accurate and c a n  be used i n  t h e  var ious 

cmpressicmal wave velacities obtained b y  means of  t h e  12-channe l  

array, Mrt:::ay et al. (1985)  c o l l e c t e d  529 velacity observa t ions  

unifcrm sand-gravel sediment un i t .  McKay st al. (OF. cj, t. 1 

c o n c l u d e d  tha t  t h e  met.had appears tcr y i e l d  consistent. acoustic 

v c l a r i  t . y  resul t,s far seabed sediments in the area s t u d i e d  wi th  

FcJu.t:in (19815) campilad t h e  1985 high resalutictn seismic 

d a t a  w h i c h  consisted of  792 v e l a c i t y  observations and abaut I i O  

k m  of seismic reflection profiles; t.hcs;e data were collected 

across the Akpak Plateau and Kuqmallit Channel  i n  t h e  southern 

Eeaufurt Sea (see Figure 1). Fortin (1986) and F a r t i n  et al. 

11.987) c o n c l u d e d  t h a t  the 1 2 - c h a n n e l  refraction array has the  

penetration required to map the distribution and depth of I c e -  

Bearing PermaFrost (2 .0 t n  4.0 k m / s c c : ) ,  or  IBPF, within about 

2 0 m  of  t h e  seabottom, I n  addition, Far t in  (1986) indicated tha t  

t h i s  r e f r a c t i b n  eel p e r f o r m e d  well  in o b t a i n i n g  camprmslmal  

wave velacities from seabed a n d   s h a l l o w  subbattam horizons  to a 

a depth of  '7-8m. 
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I n  1 Y 8 6 ,  15 p a r t  af t h e  t e s t i n g  program of  t h e  12- 

channel deep- towed eel, a second a n d  m a r t s  e x t e n s i v e  

r . e f r a c t i o n / r ~ f X ~ c t i ~ n  seismic survey was c a r r i e d  n u t  i n  the 

coastal. watw-% af t h e  s o u t h e r n  Beaufor t  Sea, i n c l u d i n g  the Akpak 

F1 atcau, the  K u g m a l l i t   C h a n n e l  and the 'ringmiark P l a i n  (see 

F i g u r e  1 )  . D u r i n g  t h e  198h f i e l d  i n v e s t i g a t i o n ,  3,125 

seismograms were collected a l o n g  w i t h  approximately 440 km nf 

r e f l e c t i o n  seismic p r o f i l e s .  On the basis of  t h e  

reconnaissance seismic p r o f i l e s ,  F o r t i n  (1987)  a t t e m p t e d  to 

r e c o n s t r u c t  the  palengeography which  e x i s t e d  in t h i s  area p r i w  

to the  l a s t  m a r i n e   s u b m e r g e n c e .  The resulting palemgemgraphic 

r e r n n ~ t , r u c t . i a n   i n  Figure  5 revealed a network sf p a l e a c h a n n e l s  

i n  t h e  pr-e-transgressive l a n d  surface. F o r t i n  ( l W 7 )  suggested 

t h a t  t h e s e  channels are the r e m n a n t s  a f  an ancient b r a i d e d  delta 

system t h a t  s t r o n g l y  influenced the p r e s e n t  day yeagraphical 

cli%tribc!ticm of  t h e  i c e - b e a r i n g   s e d i m e n t s  i n  t h i s  r e g i o n  of  t h e  

AL:paC:: F l a t e a ~ ,  

F o r t i n  (1987) u t i l i z e d  t h e  1986 v e l o c i t y   o b s e r v a t i o n s  

associated with t h e  a h a l l o w  seismic d i s c o n t i n u i t i e s  t.a establish 

t h e  f i r s t  outline af a g e o - a c o u s t i c  mode1 f o r  the s u r f i c i a l  

g e o l o g y  of t h e  southern sector of  the Akpak F'latcau. F o r t i n  

(19I37) observed a significant increase i n  t h e  velocity nf t h e  

surficial s e d i m e n t .   i n  the  v i c i n i t y  of  topographic h i g h s   ( F i g u r e  

6 )  Y suggesting t h a t  a sediment coarsening OCCL.WS i n  the  

deposits o v e r l y i n g ' h e i g h t s   i n  the farmer l a n d  9urface ( I J I C l ) .  
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1:n nrder- t o  imprave the  unclcrstandi ng of t h e  post.--qlacial. 

r e g i s n  pr-ior t:.n the  l a s t  marine transgressionIs!. Towards this 

SW3.7 r e f r a c t i a n  and re-#lect*ian data. F i g u r e  7 i l l u s t r a t e s  t h e  

r-esid!~~.cal tnpngraphy nf .the former land su r - f  a,ce f n l  l a w i n g  t h e  

erns inn  r o f  p rngress ive coastlines. This p resenta t ion  is believed 

ts be a pnwerf (..tX ton1 -fnr t he  anal y s i  5 o f  t he  d i s t t - i  b u t  i n n  rJf 

shal low ice-bearing sediments beneath t h e  southern AkpaC:: Plateau.  

Examinat inn o f  the 1987 seismograms b y  Fnrtin (1988b)  has 

shnwn t h a t  h i g h  velncity (1,80r:b",(:)OO m/ser )  materials are 

present  near t h e  unconf nrmi t y  U/C1 5c.tr.f ace. A 1  though these 

ve lac i t . i e s  may ali=;a result f r o m  the presence of f r o z e n  sediments 

h a v i n g  a marginal i c e  con ten t  they were i n t e r p r e t e d  as 

i n d i c a t i o n s  nf v e r y  cnarse-grained sediments (ice c a n t a c t  and 

morainal d e p o s i t s  ? ) .  T h i s  i n t e r p r e t a t i o n  i s  supported b y  t he  
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TABLE 1 : 1988 NAHIDIK REFLECTION/REFRACTION DATA BASE. 

F R o F' I L I rd G s Y,~~~,sM-~ 

F'TR EOCIMEF: A I: RG!.IN 

x 
X x X 
x X X 
x x X 

x 
X 

X x x 
x x' X 
x X X 
X x X 
X X X 
X x X 
x X X 
X X X 
X X X 
X X x 
x X x 
X X x 
X X X 
X X x 
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SECTION 5 - DATA ...... HANDLING """ . . 
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SqECTXON ,A - INTERPPRETATION OF RESULTS 
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ice-scnctring effect. The h i a t u s  r e p r e s e n t e d  by l J /C3 may decrease 

basinward a n d  eventual  l y ,  t he  unconf armi ty might b e  t r a c e d  intu 

ennrardant r e f l e c t i o n s  t h a t  wnuld #CC:L.W- seaward af  t h e  sea level 

1 owstand. I n  t h i s  zmne, t h e  a f f e c t  o f  t h e  ice-scnur- ing art t h e  

r -emo~t ld ing   o f  t h e  s h a l l o w  layering may be an i m p o r t a n t  merhaanism 

t o  e x p l a i n  t he  near- a b s e n c e  of c n n t i n u a u s  r e f l e c t i a n s  w i th in  





4 4 



M o s t :  1:3f the area t rave rsed  by  the rernnnaissanre lines 





The seismic facies.  p r e s e n t  :in t h e  L ~ ~ E T  z o n e  of  Unit C 

suggests t h a t  th is  deposit cnnsists p r - i m a r i  ly af non-cohesive 

rnaterialcs (sand) I Those hummoc k::y .f eat.ur e5 , which a r e  not 

a,rfjsuc:iated w i t h  permafrost v e l o c i t . i e s ,  are interpreted to he 

rnar-aina:i. and ice-contact  deposits. The i r  l o c a t i o n  r e l a t i v e  to 

the i n + e r - r d  g l a c i a l  c n a x i m f u m  indicates t h a t  they cauld reasonably 

have been d e p o s i t e d  d u r i n g  t h i s  extreme g l a c i a l  advance. 
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S e c o n d l y ,   g l a c i e r  r e t rea t  may have o c c u r r e d   a g a i n  t c ~  *.he 

south a +  t h e  area depusiti n g  l a r g e  vo lumes  o.F f i n e  g l a c i a f  lc tvi  al 

deposit.; I G F  i n  F i g u r e  16) Q V W  1.J/'C2 i n  a outwash fan 
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SECTItlN _""_. 8 - CONCLUSION 

N w k w i t h s t a n d i n g  t he  costq t h E  d e p l a y r n e n t  u-F hath  
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1 INTRODUCTION 

During  the  period of August 30 to  September 1 0  of 1988,  Earth 6 Ocean 
Research  Limited  provideBeophysica1  support  personnel for the G.S.C. 
survey  operations  on  board  the CCGS NAHIDIK in the  central  Beaufort  Sea. 
This  service  was  provided  under D.S.S. Contract No. 23420-8-H478/01-OSC 
with Mr. Steve  Blasco as the scientific  authority. EOR’s responsibilities 
included  providing Hr John  Lewis as second  chief  scientist,  to  represent 
Hr. Blasco on board the NAHIDIK since he was concurrently  chief  scientist 
aboard the CSS TULLtY  working in the  area.  Also EOR was  instrumental  in 
selecting  the  survey  grid  to be completed  during  this program as a 
supplement to a regional geology interpretation  contract  that is currently 
underway for Mr Blasco. EOR also  provided  experienced  personnel for the 
setup  and  operation of the  seismic  reflection  geophysical  equipment 
utilized for the  program.  This  report  details  the f i e l d  operations 
conducted. 

The crulse was a joint effort between AGC from Dartmouth Nova scotia 
and  the  Terrain  Sciences  Group of the GSC in Ottawa.  The  chief  scientist 
for the  program  was Dr. Jim  Hunter of the  Terrain  Sciences  Group  though he 
did  not  join  the  vessel  until  Sept 8. The program involved  an  attempted 
recovery of a  bottom mounted monitoring  package  belonging  to  the USGS, the 
collection of regional  reflection  profiles  and the collection  of  regional 
refraction  profiles.  Reflection  profiles  were  carried  out  on a 24 hour  per 
day basis  under  the  direction of Mr  John Lewis of EOR, and  refraction  data 
collection was conducted  on  a 12 hour per day  basis  under  the  direction of 
Dr. Hunter. Figure 1 indicates  the  line  coverage  completed duxing this 
program with a total of 1216.2 km of selsmic  reflection data collected and 
of this total 311.4 km of the coverage  included seismic refraction data 
collection. 

tlobilizatlon of the seismic reflection  equipment  commenced  on Aug 30 
and  was  not  fully  complete  until  Sept 3 after  a  rendezvous and equipment 
transfer from  the CSS Tullfy in the lee of Herschel  Island.  On Sept 3 an 
attempt was made t o  reach  the  northwestern  Yukon Shelf for recovery of the 
bottom tripod  unit  installed by USGS, however  this  area was blocked  by  ice 
and  the  recovery was abandoned  at this time. Reflection  survey  began on the 
morning of the 4th and  refraction  and  reflection  survey  combined d i d  not 
commence  until  Sept 9 after a delayed  arrival of  the  winch  unit for the 
deep tow system.  The  field  program  continued  until  the  17th of September 
when  the  vessel  steamed up river  to  Inuvik for demobilization.  Appendix 1 
gives the a detailed  log  summary of the  events of the  survey  program. 

The following sectlons describe  the  operational  activities of the 
cruise  with  particular  emphasis  on  the  seismic  reflection  program.  The 
report  outlines  operational  problems  and  recommendations for future 
programs , 
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2 SURVEY PROGRAN - AUG 31 TO SEPT 18 

The 1988 NAHIDIK geophysical  cruise program ran  from  Aug 31 to Sept  
18. The program was a joint survey combining a regional seismic reflection 
program on the  central  Beaufort shelf for Steve Blasco of AGC and a more 
site  specific  refraction  (permafrost  detection)  program  in  the area of the 
Akpak Plateau for Jim Hunter o f  the GSC in Ottawa. The seismic reflection 
program was designed t o  enhance  the  understanding of the  surficial  geology 
in the region from 69" 45' N t o  70' 2 0 '  N and  from 131" 4 5 '  W t o  135' 30' 
W.  In  general  the  seismic  reflection  program  consisted of a high  resolution 
profiler  system, a boomer high  resolution  system  and a single  channel 
medium  resolution  airgun  system.  The  refraction system consisted of a GSC 
Terrain  Sciences  custom  system  using  an  airgun source on a deep towed delta 
wing  and a 24 channel deep towed  streamer.  During  this program addltional 
survey lines were completed in the  vicinity of the  proposed  Amauligak to 
North  Point  pipeline  corridor  to a i d  in the understanding of this region as 
well. 

During  operation of the  deep  tow  refraction  systems the reflections 
systems were operated as well to enhance  the  Understanding of the  combined 
sys tems . 

During  the  initial stages of  the program an  attempt was made to reach 
and  recover a bottom  mounted sensor package  located  on  the  northwestern 
portion of the  Yukon s h e l f .  This package  belongs  to  the USGS and was 
jointly deployed by the GSC and USGS during the 1987 survey year to monitor 
current  and ice conditions  throughout the winter seasons. The package has 
completed it's monitoring  program and this  was  the  flrst  attempt  at 
recovery.  Because of heavy ice conditions  in  the  western  Beaufort  during 
this time period we were  unable to get  within 70 km of the  deployment 
location and the recovery  attempt  had  to be aborted, The  acoustic  release 
batteries are designed  to  accommodate a full two year deployment  and 
therefore another  attempt w i l l  have t o  be made during the 1989 season 
unless a method of recovery under the  winter  ice is used. 



2.1 PERSONNEL 

The  following  personnel were involved in the scientific program with 
the  grateful  assistance  and  excellent  cooperation o€ Captain  Fayez  Ali  and 
the officers  and  crew of the C.C.G.S. NAHXDIK. 

Dr. J i m  Hunter 
John Lewis 
Hartin  Douma 
Ed tiayzes 
Ron Good 

Robbie Burns 
Bob Gagne 
Mike Huges 
Rene Grand 
John ” 

George Tate 

Sept 7 t o  Sept 18 
Aug 29 t o  Sept 18 

Aug 29 to  Sept 1 8  
Aug 29 t o  Sept 1 
Sept 7 to Sept 18 
hug 29 to Sept 18 
Sept 7 t o  Sept 18 
Aug 29 t o  Sept 5 
Auq 29 to Sept 18 
Aug 29 to Sept 18 
Sept 1 t o  Sept 6 

hug 29 tQ Sept 18 

GSC Chief  Scientlst 
EOR 2nd Scientist 
EOR Reflection 
EOR Ref1 Airguns 
GSC Refrac tlech 

GSC Refrac Electr 
GSC Refrac Comp. 
GSC Reflec Tech 
CES Navigation 
CES Navigation 
USGS Instr. Recovery 

Note: GSC refers to  Geological  Survey  of  Canada 
USGS refers  to  United  States  Geological Survey 
EO4 refers  to  Earth & Ocean Research  Ltd of Dartmouth 
CES refers  to Canadian Engineering  Surveys of Edmonton 

2 . 2  SURVEY VESSEL 

The C.C.G.S. NAHIDfK Is a purpose  built shallow draft vessel of 
approximately 55 m length  with 5000 horsepower  engines and follows the 
design of the  large  river  tugs  used  on the Hackenzie  River. The vessel  was 
under the command of Captain  Fayez Ali and  carries a compliment of 16 Coast 
Guard  officers and crew. She is based out of Haye  River  and her primary 
task is that of a buoy tender  and  policing/rescue vessel f o r  the  western 
arctic  coastal regions. 

During the late summer  tlme  perlod of this  survey,  the  vessel is jn a 
slow perlod  having  laid  her  navigational a i d s  after  breakup  and -has been 
kindly  made  available for scientific  research  work in the  region  prior  to 
starting  buoy  recovery  operations  after  the short arctic  navigational 
season. 



2.3 EQUIPHENT SUHNARY 

The  seismic  profiling  and  refraction  equipment  used  on  this  program 
consisted of a Raytheon PTR 3 . 5 / 7 . 0  kHz profiler, a uniboom seismic 
profiler, a small array  airgun  seismic  profiler  and a custom GSC designed 
refraction  system. These. systems  consisted of the  following  equipment. 

3.5/7.0 kHz Profiler 

Raytheon  PTR  Transceiver  Unit 
Pipe mounted fixed  positlon 3.5 kHz Transducer 

Note: this transducer  functioned  poorly  when  set  on t h e *  3 . 5  kHz 
position of the  Transceiver  but  produced  very good results when set 
on the position label led  7.0 kHz. There may be a miss-labelling of 
the  transceiver or the  transducer  and this problem  should be checked 
out prior t o  future use. 

EPC 3200 gxaphic  recorder - normally  fun on split  display  with the 
boomer  signal  recorded  on  the  second  channel. 

Boomer System 

EGhG Model 230 Uniboom sound source - catamaran  mounted 
EGdG Uodel 234 Power  Supply  and  trigger capacitor bank 

Prototype IKB  SEISTECH  line  and  cone  receiver  system 
EG&G Model 260 sinqle element  hydrophone  (spare - not  used) 
NSRFC tapered  Hydrophone  array ( lorn)  (spare - not  used) 
EPC 3200 graphic recorder  (half sweep dlsplay  combined  with PTR and 
airgun on  two  separate  recorders) 
TSS time  varied  galn  amplifier 
Krohn Hite variable  band  pass  filter 

operated a t  300 Joule  setting 

Airgun System 

7 cfm compressor - 50  hp  electric  motor 
75  kva diesel  generator 
surfboard  mounted  dual 10 cu in Bolt 600B alrguns and towing br id le  
Bolt dual  gun  airgun  firing  system  controller 
NSRFC tapered  Hydrophone  array (lorn) 
EPC 3200 graphic  recorder  (half  sweep  display  combined  with boomer 
r ecord ) 
TSS time  varied  gain  amplifier 
Krohn  Hite variable  band pass filter 

Refraction  System 

Bauer 2 . 5  cfm diesel  powered  compressor 
300 m umbilical  cable 
Hawbolt  winch 
Endeco delta wing depressor 
Bolt 600B 40 cu in airgun 

" . . " 



custom  built 100 rn - 24 channel  streamer  cable 
GSC custom built airgun firing system 
Prototype  Scintrex 24 channel  dlqltal  acqulsltion  system 
Data General  microcomputer  data  logging  system 
Custom  software f o r  acquisition  and  display 
Dual  Geometrix 1210F 12 channel  acquisition  systems  (backup - not used) 
Dual  Apple IIE microcomputer  logging  systems  (backup - not  used) 
Other 

EOR dual  source trigger system 
TSS graphic  recorder  Annotator 
Tektronixs  Model 4 5 4 A  delay  tlme base oscilloscope 
Tektronixs  Model 465 storage  oscilloscope 
spare EPC 3200 graphic  recorder 

Navigation 

During  this  survey  program  Canadian  Engineering  Survey of Edmonton 
Alberta  provided a complete  Syledls  navigational  system with computer 
software  and  logging  system.  The  details of the  navigation  system  and  shore 
control for  thls  survey are covered  under  separate  report by CES. 



2 . 4  OPERATIONAL SUHHARY 

Figure 2 indicates  the in water  towing  and  equipment  configurations 
used throughout  this  survey  program.  Operationally the seismic  refractlan 
survey  program was conducted  on a nominal 12 hour  per day basis  but  did  not 
commence until Sept 9th because of problems  related  to  the  late  arrival of 
the deep tow  main  winch  to  Inuvik in time for the Sept 1 sailing of the 
vessel. Also the  reflection  program did n o t  commence  until  Sept 3 due to 
transfer of necessary  equipment  from  the CSS T W L U Y  though  with the 
exception of weather or equipment  problems or transits  the  reflection 
survey  ran  continuously  throughout  the  program.  Appendix 1 gives a log 
summary of the  operations  while  Appendix 2 is a table of the  survey  lines 
completed  through  the  program. 

Operationally  the  cruise  was  divided  into  three  planned tasks 
throughout  the 2 week  period,  The  first  task  was  the  attempted  recovery of 
the USGS bottom  mounted  instrument  package  on  the  Northwestern  Yukon  shelf. 
The initial  plan was to transfer  equipment  from  the CSS TULLfY a t  
Tuktoyaktuk  and  then  proceed to thls area for  the  xecovery.  Because of 
rouqh  weather  condltions off Tuk  the  transfer  had to take  place  in  the  lee 
of Herschel  island  on  the  2nd of Sept.  After  this  an  attempt was made t o  
reach  the  instrument  deployment area however heavy  pack  ice in the  area 
prevented  access to the  area  and  thls  portion  of  the  program  was  aborted. 
The  second task was a regional  reflection  survey  proqram in the  regions of 
the  Akpak  Plateau  and  the  Tingmiark  Plain  and  the  Kugmalllt  Channel.  Thls 
program  was  designed  to  supplement  the  present  regional  industry  and 
government data bases by specifically  tying  boreholes  together  and a l s o  
cover areas of no  data  coverage  along  with  regions of poor  quality  older 
data.  The  third  goal of this  survey  program  involved  supplementing  the  high 
resolution refraction  seismic  data  base over the Akpak Plateau as part of 
Jlm Hunter's ongoing study of the  shallow  permafrost in thls area. 

The reflection  and  refraction  programs  involved a shared  resource 
activity of the  vessel  time.  Operationally  personnel  limitations of the 
refraction  crew  resulted  in a nominal 12 hour  refraction  survey  day  during 
which  the  reflection  equipment  was a l s o  run  over  the  Akpak  region.  During 
the off 12 hour  periods  reflection  lines  were  completed in other areas  and 
both  groups  attempted  to  optimize  their  survey  programs  while  ninimizinq 
transit  times.  In  general  these  procedure  worked  well  though  only  limited 
coverage  was  obtained  in  the  eastern  portion of the  regional  reflection 
grid because of this  cooperative  effort  combined with unfortunate  weather 
conditions  during  the  early  survey  period  when the refraction  system was 
not functional. 

The  following  sub  sections  outline  operational  problems  encountered 
with the survey  equipment. 



NAHIDIK 1988 - GSC SURVEY CONFIGURATION 

I 
.C.G.S. NAHIDIK ~ 

FIGURE 2 



2-4-1 3.5/7.0 kHz Profller 

The  only  problem  encountered  with  the  profller  system  was  that it was 
our  understanding  that  the  transducer  provided by AGC was a 3.5 kHz unit 
and  when  the  system  was deploy.,,it provided  very  poor  results.  These  results 
were  identical  to  those  obtarned  during  the 1987 NAHDIK survey  but  were 
considered of very  poor  quality.  After  considerable  attempts  at  tuning  the 
system  the  transceiver  was  switched to the 7.0 kHz mode  and the results 
improved by approximately 200 to 300%.  As time was limited  with  other 
operational  problems  the  system  was  operated in this  mode  throughout  the 
remainder of the  survey  with  no  further  problems  and good quality  records. 
This  problem  should be resolved  during  the  winter  maintenance  period as it 
may be that  the  labelling  on  the  transceiver  units OK the  transducer is 
simply  incorrect. 

2-4-1 Boomer Seismlc System 

No problems  were  encountered  with  the  sound  source  system  throughout 
the  program.  The  IKB  line  and  cone  hydrophone  system  functioned  well 
through the first week of the  survey  and  particularly well durlnq good 
weather  conditions.  In  the  latter  part  of  the  survey a significant  high 
frequency  and  high  energy  glitching  appeared  on  the  records  which was 
particulary  bad as the  weather  deteriorated. This glitchinq  was  not 
believed  to be an  electrical  fault  and  on  inspection of the  unit it was 
found  that  the  canvas  dead  zone  shield  stretched  over  the  bottom of the 
cone  had  torn  and was in generally a weak or almost  rotted  condition.  It is 
assumed  that  this  canvas  was  flapping in the  towing  wash  and  actually 
striking  the  hydrophone  line  array  to  create  the  glitching  noise. As there 
was no replacement  available  for  this  shield it was  mended as far as 
possible  using  twine  on  two  occasions  with  the  noise  being  somewhat  reduced 
but  not  eliminated  entirely,  The  other  minor  problem  with  this  unit was 
that  during  the  inltial  assembly  at  the  beginning of the  cruise  two of the 
hydrophone  retaining bolts in the  wooden  collar  on  top of the  unit  were 
seized  up  and  the  collar  had  to be split apart in order to jury  rig  the 
assembly for operation. 

These  problems  are  simply  maintenance  items  and  the  unit  should  be 
repaired  prior  to a future  use. It is the  authors  understanding  that  Peter 
Simpkin  has  redesigned  the  canvas  cover  part of the  system  to a plastic 
shield  which  works  quite  well. I t  is advised  that  the AGC unit  should be 
modifled  to  this  new  design, 

2-4-3 Airgun  Seismic  System 

Operation of the  airgun  systems  created  the  most  continuous  problems 
throughout  the  survey.  This  resulted in a number of broken  segments of 
survey  lines  throughout  the  program  with  the  survey  continuing  with  the 
other  systems  and t h e  lost  line  segments  were  not  recovered.  The 
electronics  within  the  doghouse  functioned  well  throughout the survey  and 
when  the  compressor  and in water  airguns  were  functioning  properly good 
quality  records  were  obtained. 



The  compressor  had  been  rebuilt  prior to this  cruise  by  personnel  at 
PGC and in the  process  many of the  spares  that  had  been  left in the 
container in 1986 had  been  used  up  and  not  replaced.  Also  the  new  blow down 
system  that  had  been  installed  had  not  been  thoroughly  tested  nor had 
spares  been  provided i t .  Operationally  the 50 hp  electric  motor 
functioned  well through'.!% e cruise.  Problems  such  as a sheared  pipe  leading 
from the second Lo third  stages of the  compressor  created some 
consternation. As no  spares  were  available  on board for this  pipe it was 
lucky  that  the  pipe  could be shortened  and  refitted  into  position  after  the 
break,  otherwise  the  airgun  operations  would  have  been  halted at that  point 
in the  survey.  The  other  compressor  problem  that was encountered was that 
the  new  blowdown  system  would  stick  in  the  open  position  occasionally  and 
overall  pressure  would  drop to 800 ox 900 psi  until  the  guns  and  compressor 
were shut  down  and  restarted.  This  was  somewhat of an annoyance  though it 
was not  crucial  to  the  operation. 

fT 
m 

The  airguns  created a significant  problem  from  Sept  4th  through  to 
the 14th.  During  this  period one gun  in  the  array  would  continually  fail 
after 1 to 3 hours of operation. Of the 3 airguns  available to us two of 
them  showed  this  problem  and  the  third  gun  (always  the  same  one)  would 
continue to work. On the 14th it was  finally  discovered  that  the  new 
replacement  upper  shuttle  sleeves  purchased  through  Hamco  Supply were 
manufactured  incorrectly  and  were  oversized  by  about 2-3 mm. This  allowed 
the  shuttle  to htt the  spring  retainers  crooked  and  resulted in the  seat 
springs  breaking  after a very  short  time. It was  found  that  the one working 
gun had been put together with an old  sleeve (from 1986 survey)  and it had 
functioned  correctly  with  the  springs  lasting 2 to 4 days. When  this  was 
discovered  the bad sleeves  were  replaced  with  old  parts  that  were  of  the 
correct size and the  guns  functioned  with  minimal  down-time after this. 

3-4-4 Graphic  Recorders 

On  this  survey  there  were  three EPC 3200 qraphlc  recorders  avallable. 
Of these  three  one (S/N 5 1 2 )  would not run  continuously  on a 125 or 250 
msec  sweep  rate.  After  attempting  all  adjustments  reasonably  available  this 
recorder  was  abandoned as non  functional. It was  assumed  that  the  recorder 
possibly  has a weak  transistor or poor components  somewhere in the  drive 
components or drivers  and  there was insufficient  time  to  properly  trouble 
shoot  this  recorder.  Recorder S/N 496  arrived  at  the  vessel  with a smashed 
Analog/Digital  switch  on  the  left  panel of the  unit,  After  this was 
replaced it was  found  that  the  calibratlon  check  signal  was  not  functioning 
correctly.  After  further  trouble  shooting  the  channel A DAC chip  was 
replaced  and  the  recorder  functioned  properly  throughout  the  remainder  of 
the  cruise.  Recorder S/N 446 arrived  functional,  however on day 2 when 
power to the  lab  was  coming  from the cold  start  generator  the  recorder 
received a large ( > >  150 V) transient  surge  which damged  the  main 5 volt 
power  supply of the  recorder,  The power supply was replaced  by  the  spare 
and  the  recorder  functioned  well  through  the  remainder of the  suxvey. 

Some or all of these problems may be related to the AC power 
available to the  lab  container.  The  power to the l ab  was supplied  by 
extension  cords to available  sockets  within  the  accommodation  containers 
and or from  outlets on the  lower  deck.  In  general  the  voltage was in the 



range of lo8 t o  112 volts whlch represents the lower operational  range for 
the EPC recorders.  This  problem  should be addressed for future  surveys on 
the NAHIDIK. 

2-4-5 Refraction System 

Operation of the  Deep  Tow  Refraction  system  was  entirely  under  the 
control of the  Terrain  Sciences  personnel  from  Ottawa.  In  this  report  only 
a very  general  comment  can be made  regarding  its  operation. 

Within  the  doghouse  the  system  primarily  utilized  the  new  Scintrex 24 
channel  recording  system  which  had  been  partially  funded by the GSC for 
it's development. In a broad  overview  this  part of the  system  functioned 
well  though  there  were  some  software  glitches  that  would  hang  the  system  up 
from  time to time  causing  missed  shots. These should  be  resolvable as 
refinements  are  made  on the software.  Operationally,  approximtely  one in 
ten  refraction  shots  would  be  severely contarnlnated by  interference  from 
the  non  synchronized  airgun  reflection  systems  output  shot.  This  could 
easily be resolved  with a simple  synchronlzatlon of the  shots  or a 
reflection  shot  lockout system wlth  an  appropriate  window before the 
refraction  shot. 

There  were  siqnlficant  problems  with  the in water  portion of the  deep 
tow  sy3tem.  During its first  deployment  the  system  appeared  to  snag 
something  on  the  bottom  whlch  dragged  the  unit  lnto  the mud and  damaged  the 
airgun  firing  line  In  the  umbilical  cable.  After  unsuccessful  attempts  to 
repair the break a modified  towing  arrangement was used which  kept  the 
system  very  near  the  surface  and  slgniflcantly  reduced  its  usefulness in 
deeper  water  situations. The other  problem  with  the system related to 
ballasting of the  streamer  which as not  yet  been  fully  resolved. 

A t  this time the autnor  cannot  comment on the  data  quality as this 
will  have  to  await  analysis in Ottawa. 

2-4-6 Other  System  Comments 

The EOR built  dual system controller  functloned  well  throughout  the 
survey  with  the  exception of the trigger shuttle  sensor  clrcultry  from  the 
airguns.  This  portion of the  system  was  designed  to  condition  the  shuttle 
sensor  return  signals  when  the  airgun  fired  and  use  this  signal as the 
asynchronous  trigger  input  to  the EPC graphic  recorders. During thls  survey 
the  return signals from  the  alrguns were of low  amplitude  with a 
considerable  amount of AC noise  on  the  llne9.  This  resulted in the 
conditioning  circuitry  miss  triggering on a regular  basis  which  seriously 
degraded the analog  records.  The noise was  apparently  related to the  very 
long  signal  lines to the  airgun  container  and  possibly  some  leakage  on  the 
sensor  signal lines in the  water. In order to  rectlfy  this  problem  the 
circuitry  would  require  redesign  and possi,bly line  amplifiers  would be 
required  In  the  airgun  container. Throuqti this  S U K V ~ Y  there was not 
sufficient  time or personnel or materials-to rectify thi3 problem and 
therefore  the  airgun  records are not  compensated for this trigger  delay. 
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The TSS Annotator  functioned  well   through-the  survey  though I t  would 
o c c a s i o n a l l y  miss a f i x  from t he   nav iga t ion  or ga in  a s p u r i o u s  f i x  or two. 
The problem was very   sporadic   and   could  not be located  though  grounds e t c .  
were  checked as  much as p o s s i b l e .  I t  was suspec ted   tha t   the   p roblem is 
r e l a t e d   t o   t h e   l o n g   c a b l e   r u n s   o u t  on deck and   spu r ious   no i se   t ha t  was 
picked up through  these   l ines .   Dur ing   the   survey  a c l o s e  watch was kept on 
t h e   a n n o t a t o r  fix number and when jumps  were  observed t h e  numbers were 
updated   to  match the   nav iqa t ion   mon i to r   t ha t  was in   the   doghouse .   This  
annoying  problem was not   se r ious   th rough the s u r v e y   t h o u g h   r a i s e s   p o t e n t i a l  
data  problems when matching t o   t h e   n a v i g a t i o n .  No immedlate   solut ion is 
recommended though   ca re fu l   cab le   l ayou t s  and p o s s i b l y   l i n e   d r i v e r s  and 
c o n d i t i o n e r s  between t h e   n a v i g a t i o n  and the   annota tor   might  be used i n  t h e  
f u t u r e ,  

The o n l y   o t h e r   o p e r a t i o n a l   d i f f i c u l t i e s   t h a t  were encoun te red   r e l a t ed  
t o  the   doqhouse   conta iner .  The e l e c t r i c a l   s u p p l y   t o   t h e   c o n t a i n e r  is poor 
and consists only o f  va r ious   ex tens ion  cords t o  the  accommodation 
con ta ine r s   and   ou t s ide  deck plugs. Voltage as measured i n  t h e   c o n t a i n e r  was 
l o w  ( 1 0 7 - 1 1 2  v o l t s )  wh ich  is considered  marginal  for survey o p e r a t i o n s .  I t  
is be l i eved  t h a t  a t  l east  some of the EPC problems were r e l a t e d  t o  t h i s ,  
and  i t  Is suggested t h a t  some form of AC l i n e   c o n d i t i o n i n g  or a proper 440V 
hookup  and transformer d i s t r i b u t i o n   p a n e l  be organized for f u t u r e   s u r v e y s .  
The o the r  dlfficulty w i t h  t he  c o n t a i n e r  was i t ' s  p o o r   v e n t i l a t i o n .  With two 
EPC's running a t  h i g h  sweep speeds t h e  a i r  was v i r t u a l l y   u n - b r e a t h a b l e ,  
During this su rvey  a small fan  was ju ry   r i gged  w i t h  some V e n t i l a t i o n  hoses 
a t t ached   t o   each   r eco rde r   t hough   t he re  was not s u f f i c i e n t   s u c t i o n  on t h a t  
fan t o  a l lev ia te   the   p roblem.   Dur ing  the l a t t e r   s t a g e s  of  t he   su rvey  a 
l a r g e r   v e n t i l a t i o n   f a n  was borrowed  from  the s h i p  which  helped  the  problem 
b u t  tended t o  f r eeze   ou t   t he   occupan t s .  In f u t u r e  a b e t t e r  system is 
requ i r ed  unless Some o the r   t ype  of r eco rde r  is u t i l i z e d ,  



2.5 FUTURE RECOMMENDATIONS 

The  following is a summary  list of recommendations for future 
operations as a result of this  survey. 

1. Check  out  the  Raytheon PTR system  before it's next  use  to  resolve  the 
3 . 5  kHz - 7.0 kHz question. 

2. A full  maintenance  and  upgrade of the IKB Seistech  receiver system is 
required  before it is sent  out  again. 

' I  

3. Ensure  ayadequate  level of spares is obtained  for  the  airgun 
compressor  container, 

4. In  future  either  buy  airgun  replacement  parts  directly  from  Bolt or 
at least  thoroughly  check  out  and  verify  the  parts if they  are 
obtained  from  another  manufacturer, 

5. upgrade or replace  the  doghouse  container  that is currently  used on 
the NAHIDIK if similar  operations are planned, with particular 
attention  to  power  and  ventilation. 

6. Investigate  the  sensor  trigger  conditioning  problem  with  the  airgun 
system  and  either  add  line  drivers into the  compressor  shack or 
modify  the  threshold  tracking  system in the  trigger  controller to 
handle  this  problem  (possibly  both). 

7 .  From experlrnents on  this  survey  (and In 1987) wlth  pseudo  bottom 
track heave compensation,  the  moderate  weather  condition  data  quality 
can be enhanced  by a factor of two OK three  times.  This  technique is 
only valid in areas of smooth  seabed ( <  about 8 m of water in the 
Beaufort)  and  therefore  an  active  (accelerometer  type)  heave 
compensation  system  should be investlqated for the Boomer and PTR 
data records in particular.  This  improvement  will  allow  more subtle 
geological  features  to  be  recognized  on  the  data  which  are  presently 
only seen when  weather  conditions are ideal (approx 10-159 of any 
survey  duration) and should  significantly  enhance the record 
interpretability. 

8. Joint  operations  are  functional as seen in this survey  but an earlier 
effort of joint  planning  would  allow  an  even more optlmum choice of 
survey plan  for both  parties and would overall result in less  transit 
times throughout  the  survey  program. 



3 CONCLUS I ONS 

In conclusion this joint  survey  was extremely successful  with a t o t a l  
of some 1216 k m  of moderate to high  quality reflection and refraction 
survey data  being  collected. The cooperation  of  the  Canadian  Coast Guard 
and  the  officers and crew of the C.C.G.S NAHIDIK are gratefully recognized 
as being a very important  contributlon to the success of this program. 

The  data  quality 1s generally  very good and  with  the few exceptlons 
noted above  the  survey  equipment  functloned  well  and  with  mlnimal  down-tlme 
throughout  the program, 



APPENDIX 1 

OPERATIONS LOG SUHHARY 



TI HE REHARKS """"""""""""""""""""""""""""~"""""""---- 

Auq 29, 1900  
B Harmes  and H Hughes  depart  Halifax for Inuvik t o  commence 
mobilization. 

Aug 3 0 ,  1988  

06 4 5L J. Lewis  and n. Douma  depart Halifax enroute  Inuvlk 
E. Mayzes departs Calgary enroute  Inuvik 

1400L E. Hayzes arrives  Inuvik 
1730L J.L. & M . D .  arrive  Inuvik - meet  Steve Blasco at airport  

1900L To NAHIDIK f o r  s l i d e  show with  crew 
21 OOL t o  apartment in Inuvik 

arriving from Tuk 

Aug 31, 1988 

0900L Begin  loading  gear  aboard  NAHIDIK 
1200L Ron Good is informed his deep  tow winch has just l e f t  Edmonton 

by road and  will  not be  in Inuvlk  until Satuxday OK Sunday. 

- still  have  to  transfer  remaining  gear  from  TULLEY  on 1st or 
2nd 
- sailing time set for 0500 on 1st 

1600L Virtually a l l  gear on board - begin sorting  out  Doghouse 

1800L move  aboard NAHIDIK - some  evening  mob work on doghouse 

0430L Ron Good and R Burns  to  airport  to  pick  up their compressor 
0600L back  to ship with  unit  and off to park vehicle 
061% Depart Inuvlk in translt to Tuk 

1300L Contact T U L L ~ Y  
1400L S. Blasco agrees is too rough to attempt transfer - continue 

1635 alongside C.C.G. dock in Tuk - work  still  continues on sorting 

winds 15-20 northerly 

heading fo r  Tuk 

out doghouse 

2 SEPT., 1 9 8 8  

0705 Away from CCG Base  Tuk. 
0930 Near Tullty.  Transfer our gear to Tulley  Via  launch. 
1030 Decide to come alongside and attempt to l i f t  off compressor 

container. 
Too much heave.  Abort on container  and  txansfer  other boxes. 

morning to transfer  container.  Pack  avay gear and continue 
mobilization of what we have, 

1120 Away from Tull#y - Head for Herschel - V i 1 1  m e t  Tullty in 



TI ME REMARKS 
”~””””””””””””””””””””””””””””””””””“” 

1 4 4 5  S t o p  o f f  P u l l e n  I s l a n d  t o  r e p a l r  Raycon  Beacon. 
1 6 4 5  Underway fo r   Her sche l   I s l and .  
2400 In t r a n s i t  t o  Herschel - winds L d V - Calm. Some ice. 

3 EEPT., 1 9 8 8  

0130 
0800 

1005 
1630 

1900 
19 50 
2005 

2200 

2 3 3 0  
0530 GMT 

Anchor i n   P a u l l n e  Cove - Herschel  Island. 
T u l l l y   a l o n g s i d e .   T r a n s f e r   c o n t a i n e r  and g e t  A I ,  electr ic ian 
from  Tulldy, t o   h e l p  hook up,  
Underway t o  Tripod site - Heavy ice - Rigging qear.  
Have made approx 20 km toward  txipod site area.  7/10 ice 
covered and  worse  ahead - Reported 9/10 a t   t r l p c d  s i t e .  Abort 
attempt a f t e r  discussion with George Tate, Capt, Don Sweeney 
and radio  c a l l  t o   S t e v e  - Head east  toward  survey area. 
Rig and deploy boomer system f o r  t e s t .  
Attempt run-up of boomer. No s i g n a l   r e t u r n  from IKB. 
Recover qear. Work on IKB - Extens ion   connec tor  was p a r t i a l l y  
disconnected.   System okay. 
Approximately 10 km from SOL P-4. Stop to deploy  boomer/IKB 
and PTR. - Test r u n   i n   t o  s e t  up g e a r .  
Coming up on s t a r t  of line. 

4 SEPT., 1988 

*** ***ALL TIHES G#T HENCEFORTH 

0600 
0700 
0718 

0818 

1037 

1126 
1130 

1220 
1 4 2 0  

1 4  56  
1511 
1640  

SOL NAHBS-P4 HDG 082 SPD 3.6 k t s .  Boomer & PTR only .  FSP 1 
Send a i rgun  crew fo r  s leep.  Cannot r i g  towing i n  dark. 
Terminate l lne  - 3rd EPC f a i l e d  - no s t y l u s  d r i v e  6 no  5V 
power. Abort l i n e  c i rc le  back. Try o t h e r  bad EPC w i t h  boomer 
on channel  A. 

Boomer record  washing o u t  a b i t  d u e   t o  bow wave. 
EPC backup. Annotator  dropped fix 1 6 1 ,  renumbered by hand. 
S p l i c e   p r e v i o u s  NAH88 P4B record   to   working  EPC. 
Waypoint 87KA1 
Reprogrammed TSS Annota to r   t o  1 ms p r i n t  de lay  and   da ta  
moved back t o  p rope r   pos i t i on .  
A n n o t a t o r   f a i l e d  on fix 235, f ixed by hand. 
Lower boom on crane.   Attempt t o  lower boomer 6 IKB i n t o  vater 
t o  reduce blanking  - seas on s t a r b o a r d  bow. 
New Paper - Roll 13, Line NAH-P4B 
SP 3 4 0 . 5  Waypoint AWBHS, 
SP 386 Waypoint An85501/02 

SOL NAH88-P4B FSP 55 HDG 081.  P i c k  Up l l n e  NAH88 P4 a t  f i x  55, 



TI ME REMARKS 
....................................... 

1813 
1818 
1910 

1925 

2010 
2020 

2030  
2037 
2100  
2057  
2 2 4 2  

2354  

Try 2 5 0  msec Sup - No a d d i t i o n a l  d a t a .  
Back t o  125 msec Swp.  
Airgun i n  water - Problem w i t h  s t a y s  on t h e  boom - won' t   a l low 
f u l l  deployment - adjus tments   be ing  made. 
P o r t  boom bent by sur fboard   heaving .  Guy w i r e s   s l i g h t l y  o f f  
p o s i t i o n .  
Guns  i n  water and f i r i n g .  
Forward guy on A / G  boom l e t  go. S t o p  s h i p  for r e p a i r  - d r l f t  
on l i n e .  
Underway. S t a y  on l i n e .  
Waypoint P7 KY82S02/03. - Adjus t ing   a i rguns .  
Marginal  Records - Winds 1 5 - 2 5  e a s t e r l y .  3-5  f t  s e a s .  
Change  papex on boomer r e c o r d s .  
Winds 2 5 - 3 0 ,  may be dropping   seas  4-5  f t .  A l l  equipment 
f u n c t i o n i n g  okay but records suffer  from  weather. 
Replaced s t y l u s  a i rgun  and boomer EPC 

5 SEPT.,  1988 

0 0 2 1  
0030 

0115 
0130 
0135 
0700 
1300 

1 4 0 0  

1500 

1800  
1834  

2 1 2 4  
2130 
2 1 4 5  
2150 
2 2 1 1  
2 2 2 5  
2244  
2 2 4 5  
2319 
2 3 3 0  

One a i r g u n  down. 
Both guns turned o f f .  Records poor  anyway. 7kHz boomer 
work ing okay. 
Suspending  l ine  due  to   weather .  EOL. 
PTR, a i r g u n s ,  boomer & I K B  aboard.  
Turn  t o  starboard,  head f o r  T u k .  
Alongside CCG Base i n  T u k .  
Winds L & V i n  T u k .  Working on r e p a i r  of s ta rboard   rudder  
which  was bent  i n  the ice two days ago. 
Radio  Sched w i t h  Polar   She l f  - winch w i l l  no t  be i n  u n t i l  2 2 0 0  
and Bob Gagne and t h e  Power Pack for winch w i l l  not  be i n   u n t i l  
2 4 0 0 .  
Jim Hunter aboard. Dlscuss Plan.  George Tate  will s t a y  in Tuk 
t o  monitor ice a n d   p o s s i b l y   t r y  zecovery from Tulley on 
d e p a r t u r e .  Working on rudder es t  1 7 0 0  complete. 
Work on rudder  complete.  Reload  workboats, e t c .  
P u l l  away from CCG Base T u k ,  Head fo r  l i n e  P5. G, Tate st i l l  
aboard. 
Gear deployed  and  ready t o  f i r e .  
A l l  systems f i r i n g .  

Trouble w i t h  one a i r g u n  - e r r a t i c  f i r i n g   e v e r y  other pu l se .  
Guns  s h u t  down, free flow i n  a i r l i n e .  
Guns aboard. 
New paper r o l l  Boomer h PTR 
Increase  speed  from 3 t o  3.2 k n o t s .  
Airguns back on l i n e .  
Rep lace   s ty lus  PTR & boomer EPC. 

SOL NAH 8 8 - P S .  FSP 6 4 0  



I 

TI ME REMARKS 
........................................ 

6 SEPT., 1988 

0201 
0213 
0 2 1 4  
0 2 4 1  
0 2 4 7  
0314 

0318 
0417 

0 4 4 5  
0 4 4 9  
0556 
0 7 2 1  
0755 
0750 
0805 
0818 
0833 
0940 
0953 
0958 
1057 
1115 

1130 
1137 

1236 
1300 
1310 
1318 
1338 

1730 

2400  

Shallow gas show on  boomer  and PTR. 
Replace s t y l u s  - Airgun  and  boomer EPC 
Airgun down, a i r  leak,  back up without  taking in. 
Black gun  down  again. 
Surfboard  aboard. 
Airgun back in water,  firing okay. Failure  due t o  broken 
springs in black gun. 
Waypoint  KY82502/03 course 357 degrees, speed 4.1 
Change paper PTR & Boomer EPC. F i x  939 - change from program 1 
of 4 at 3/8 to 1 of 6 at 1 / 4 .  
Increase speed to 4.3 - 4 . 5  knots. 
Speed 4.7, course  357  degrees. 
EOL NAH88 P-5 install  new  stylus  Boomer 6 PTR, 
SOL NAH88 P-20 F i x  1022, Speed 4.5 
Black airgun  flrlnq  erratically,  misses  every  4th to 6th. 
Ed reports  pressure  way  down,  turns  guns off to build  pressure. 
Reduce speed to 4.1, restart guns, still  mlsslng. 
Guns off to bring aboard. 
Ed diagnoses a rlgging problem, est 30 mln. to fix. 
Watch Change. J.L. on. 
Pass waypolnt N ~ 8 2 3 0 1  
Guns  back in water  and  working. Sp 1174. 
Black gun  down  again. 
Guns  on  board.  Winds  northeast  15-18 kts. Seas building and 
record  quality  deteriorating. 
Winds  increasing 20 gusting to 25 
Airguns  back  on  line SP 1272.  Broken  sprinq  retaining  ring and 
damaged s e a t s .  
SP1328 Diversion t o  Port  to avoid a r t i f i c i a l  island (Amraerk). 
IKB starting t o  take a beating.  Data  still  okay, 
One  airgun  intermittent. 
EOL NAH88-P20 SP 1367.  Terminate t o  preserve gear. 
Gear  on  board. Head slowly  toward  Tuk.  Forecast NE 30 today 
and NE gales Wed (tomorrow). 
Arrive Coast Guard Base Tuk - Standby on weather  and awalt 
arrival  Jim Hunter's winch and  remaining  crew. 
Tuk Coast Guard  Base  Standby  for weather. 

7 SEPT., 1988 

0000 Standby for weather. 
1200  Standby for weather - winds  dropping.  Waiting for deeptow 

1800  Deeptow  winch has arrived by Twin Otter  aircraft 
winch. 



TIUE REMARKS """"""_""""""""""""~""""""""""""""""""~ 

2000 Problem w i t h  main engine.  Oil cooler water leak. Estimate 4-8  
hours t o  repair - Winds  moderating and conditions  impxovlng. 

2 4 0 0  Standby Tuk. Engine repair & install  deeptow. 

8 SEPT., 1988 

0000 
0800 

0930 
1145 
1205 
1215 
1224 

1316 
1335 
1341 
1342 
1348 

1400 

1446 
1624 
1645 
1653 
1700 
1719 
1754 
1755 
1816 
1855 
1856 

1 7 4 5  

1940 
2039 
2055 
2103 
2120 
2211 
2222 

Standby in Tuk - Work on  main  engines. 
Still working on  Main  Engines  (Replace  contaminated  oil - 300 
gal). 
Depart  Tuk.  Head for line P-11 WP 13 
Begin t o  deploy qear. 
Surfboard and PTR in water. 
TKB and  boomer in water. 
SOL NAH88-P11 a t  WP # 3  (ERK78-1) SP 11368 HDG 090 
SPD 4 kts. 
Ed reports airgun  running a t  1700 psi, records good. 
Guns off t o  build  pressure. 
Compressor quit. 
WP ERK78-2 Line P11 
AiKqUn filters from 2 5 5  - 1500 t o  500 t o  3000 
level on TVG t 3  turns. 
Broken electrical luq on compressor fixed, TVG 6 KH filter back 
t o  normal. 
New paper - boomer, PTR EPC 
Dropped 2 fixes somewhere, now  on 1564 
Black gun down. 
Both guns turned o f f .  
Surfboard on board. 
Guns back in water. F i x  1610 
EOL NAH88-Pll Fix 1638 
SOL NAH88-P1 Fix 1638 
Increased speed t o  4 kts t o  try t o  cure wave  interference. 
Black airgun misfiring. 
Prepare t o  bring in  gun,  Circle t o  regain. Fix 1880 in 1/2 
hour. 
Guns back in water ready t o  test, returning t o  line P1 Fixes 
will begin  at 1680, Line P1B 
SOL NAH88-PlB FSP 1680 BRG 7 degrees at WP #5 
Slowing t o  dead slow t o  deploy Hunter's  fish. 
Airgun down again. 
Surfboard aboard. 
New paper. PTR and Boomer EPC 
Gun intermittent again, goes down, comes back. 
Turn off black a i r ,  run  one  gun  only. 



TI ME REHARKS """""_"""""""""""""""""""""""""""""""" 

9 SEPT., 1988 

0152 
0200 
0207 
0300 
0 3 3 3  
0340 

0350 

0414 
0424 

0521 
0557 

0558 

0732 

0940 

1250 
1 3 4 5  

1359 

1605 

1630 

1645 

EOL P1B  turn t o  line P6 east 
Red gun o f f  to  replace black gun 
Surfboard  aboard. 
Surfboard in water.  Changed  out  forward  gun. 
All okay. New  paper  PTR  and boomer EPC 
Deep t o w  system  snagqed  something  and was dragged  into bottom 
damaging  airgun  firing  line. 
EOL P6A SP 2088. Slow down to recover deep t o w .  A l s o  work on 
fixes from bridge.  Some  spurious  fixes. 
SOL NAH88-Pl5A. FSP 2 0 9 5  HDG 180 degrees. 
SP 2101 - increased  speed to 4 kts.  Wind  and  swell on Port Bow 
- Boomer  records poor ,  
SP 2142 - Black  gun  down  again. - Free flow.  Run on one  gun. 
EOL NAH88-Pl5A. LSP 2169 - Turn off line for swell  affecting 
records. - Poor data. 
SOL NAH88-P16A/14 FSP 2170, HDG 270  deg.  Spd 4.6 kts. 

Comment : 
Have tried  replacing  all  black  gun  parts  with  new. Even 
Total Gun  on  more  than  one  occaslon  but  springs s t111  
keep breaking,  Suggestion is that  towinq con- figuration 
holds a vortex  trapped a i r  bubble  in  the  chamber  and is 
effectively  like  firing  the  gun  on  deck at full  pressure 
and bxeaklnq s p r i n q s .  Working well on one  gun a t  
present. Keep shooting  and  when  opportunity  arises,  will 
pull  and repair  gun  and  also rotate  towing  bridle  by 90 
degrees  to attempt to  change  physical  towing  situation. 

SP 2258 - End of P16 - Continue on extension of P14 which is a 
repeat of line GHR81-022 and 228. 
Compressor check - belt  surging - fed bulldog tape - okay winds 
SE at 20 knots. 
Compressor  check - more bulldog - wind SE 20 - Seas 4-6 ft 
SF 2583.4 - 8-9 metre deep scour  on gassy edge ? ice  scour ox 
pock mark? 

Break  survey to service  generator/compressor 6 guns. 
Rearranged  guns to have  perpendicular - rebuilt both guns - 
broken springs in black - tightened comp b e l t  - service 
generator.  Head for Line P23. 
Boomer,  airgun and PTR in water.  On  line  direction  PTR  and 
boomer useless. Decide t o  recover boomer and IKB. 
Boomer and IKB recovered - Jim deploying  deep  tow and wants 
airgun  after  has  tested his equipment. 

EOL NAH88-14/15A LSP 2596 



TI ME REMARKS 

1650 EST 27 km  to  start of  Jim's line. 
1655 Decide to recover airguns as being  thrashed  and  cannot  run  line 

1705 Airgun  on  deck - working  on  deep tow and  slow  transit toward 

2117 Begin  shooting on Jim's  line  FHR-1 SOL Fix 2623 

from this corner of grid. 

beginning of Jim's line. 

2210 Shut down  red gun to conserve parts .  Sea still rough, records 
poor ,  

2300 L o s t  the  capability to f i r e  black gun. 

10 SEPT., 1988 

0053 
0109 

0128 
0130 
0148 
0 2 4 0  
0 2 4 8  
0308 
0 4 5 8  
0 5 2 0  
0 6 0 0  

0740 
0805 
1 0 2 8  
1043 

1103 

1110 

1300 
1303 
1308 
1446 
1446 
1539 
1925 
2110 
2112 
2200 

EOL FHR88-1 Fix 2793 
Deep tow depth  transducer problems. SP 2813 - Drift in circle  
to recover and  repair. 
Deep tow in water and working. 
Deployed  boomer  and IKB, airgun at l /sec,  Boomer 3/sec 

Power interruption  on  bridge, Syledls down. 
Fixes re-acquired starting a t  2872. 
Serious helm error, 90 degrees off course. 

Surfboard aboard,  make f o r  SOL P2 at WP 5 .  
Replace one wire  strap on airgun  and  black gur! had 2 broken 
springs.  Steaming  toward SOL a t  Arnak  (1976). 
Airguns back  in  water 2.2 k to SOL. 
SOL NAH88-P2A FSP 2976 - HDG 269  deg. SPD 4 . 4  kts. 
SP 3111 change sweep  on  boomer & PTR. Records to 62.5 ms. 
SP 3124 - Try PTR in 3.5 kHz switch  position - Bad record, 
switch back t o  7 . 0  kHz. 
SP 3144 Compressor down - blew compression fitting  on 1st stage 
of compressor - (no spares - t r y  englne room) 
SP 3152 Divert off survey line for Western Polaris coming from 
other  direction  along same survey  line. 
Compressor  functional 
SP 3250 - Airguns  working. 
SP 3253 - Black  gun  down.  Run  on  red  gun. 
EOL NAH88-P2A - LSP 3333 
SOL NAH88-P23A FSP 3334 HDG 000 
EOL P23A LSP 3386 
Hunter's fish deployed. 
Gen S e t  o f f  to check lube o i l .  Gun a t  1.5 sec rate. 
Gen  set back on  line 
EOL NAH88-P8; Fix 2706 A/C to north 

SOL  FHR88-2 F i x  2832 

EOL FHR88-2 SP 2975 



TIME REHARK S ~"""""""""~"~~~~"""~~""""""""""""""""--------- 

0500 

0530 
0650 
0706 
0810 
0830 

1230 
1 4 0 0  
2230 

Black gun down - I K B  and boomer cables   fou led  - h a u l  gear  and 
winch  cable on c rane   fou led  - gear  on deck - weather   bui lding.  
SOL NAH88 FHR 6; Fix 4 9 2 5  Grid - Ref rac t ion   su rvey  
EOL NAH88 FHR 6; LGSP 4977 L i n e  turn 
SOL NAH88 FHR88-7 FGSP 4 9 8 4  
EOL FHR88-7 LGSP 5035 
A l l  gear on board - winds NW 30 - Seas building - wrapped deep 
tow t a i l  buoy i n  rudder  guard - slowed  recovery. Steam f o r  
T u k .  Will repair crane  and compressor  blow  by leak i n  Tuk i n  
morning. 
Standby  for   weather ,  
Arr ive Tuk - Tie up a t  CCG Dock. 
Crane  repaired and o p e r a t i o n a l  - Standby for  weather. 
Depart Tuk . 

13 SEPT., 1988 

0100 
0140 
0143 
0145 
0146 
0220 
0418 
0 4 4 0  
0 4 4 0  
0600 
0950 

1010 

1039 
1200 
1210 
1219 
1226 
1235 
1236 
1 3 3 8  
1352 
1536 
1545 
1600 
1658 
1659  

SOL NAH88 PllB 
switch t o  black gun only  t o  conse rve   pa r t s .  
Back t o  2 guns - 1.75 sec r a t e .  
Black gun down aga in  
Black gun up again. 
Black gun up and down l i ke  a yo-yo .  
WP 4 Line P11 proceed  north 3 km then turn N t o  P 9 
EOL NAH88PllB; Fix 5219 - SOL P9 North of WP4; F i x  5220 
SOL NAHBB-Pg' FSP 5220 
SP 5296 - J . L .  on watch 
SP 5 4 9 4  - Try running  a i rgun w i t h  no Krohn H i t e   f i l t e r   a t   a l l .  
Record s l i g h t l y   s h a r p e r  - h ighe r   r e so lu t ion  - suspec t  NSRF pre- 
amps may have f i l t e r s  b u i l t  in?? 
EOL NAH88-P9: LSP 5512 - During turn r a i s e  boomer and IKB t o  
untangle  I K B  cab le  which  was caught  underneath t h e  boomer. 

SP 5597; Black gun down - f r e e  f l o w  - run on one  gun. 
SP 5604;  P u t  f i l t e r s  back and ad just  ga ins  and TVG of a i rgun .  
SP 5613; Pass waypoint 1 1 0  - borehole SU83 502 
Check compressor - holding 1 0 0 0  p s i  - Shut down d get Ed. 
Restart Compressor - Gauges come up and bu i ld ing   p re s su re .  
SP 5633; 2 guns now o p e r a t i o n a l  

All gear on board - head fox refraction g r i d .  

5691 - Turn on o the r  EPC with  bot tom  t rack heave comp 
SP 5702;  Airgun on l i ne .  
EOL FHR8 LSP 5 7 4 4  
C i r c l e  t o  FHR 9 - Cont inue   f ix ing  in turn 

SOL NAH88-P2B; FSP 5513 

EOL NAH88-P2B; LSP 5685 

SOL NAH88-FHR8; FSP 5686  



TI HE REMARKS 
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1716 

1809 

1818 
1 8 4 5  
1 9 4 1  
2000 
2015 
2026 
2137 
2203 
2321 
2337 

SOL NAH88-FHR 9; FSP 5759  
SP 5787 - Black gun quit. Free Flow 
SP 5790 - 2 guns on 
SP 5 7 9 2 . 5  - Black gun - free flow 
SP 5 7 9 5 . 5  - 2 guns 
SP 5797-5800 - intermittent  free flow. 
SP 5798-5806 - Good Example Kugmalllt Trough base angular 
unconformity - suggest troughs is a recent erosion feature. 
EOL NAH88  FHR9; F i x  5813 ** 
SOL N U 8 8  FHR10; Fix 5833 
Black gun down agaln 
Black gun up agaln 
EOL NAH88 FHR10; Fix 5885 
SOL NAH88  FHR11; Fix 5899 
EOL NAH88  FHR11; Fix 5962 
SOL NAH88  FHR12; F i x  5970 
EOL NAH88  FHR12; F i x  6022 
SOL NAH88  FHR13; Fix 6034 

1 4  SEPT., 1988 

0049 

0055 
0115 
0125 
0218 
0224 
0234 
0304 
0305 
0409 
0451 
0603 
0617 
0725 

0 7 4 0  

0928 
0931 
1058  

EOL NAH88 FHR13; Fix 6087 * *  
* *  Too many extra  people in doghouse. All these lines have 

Guns out  f o r  service.  
Guns back in watex, Fixes on TSS went as tray  - repaired. 
SOL NAH88 FHR14; Fix 6107 
Black gun intermit tent .  
Back up. 
EOL NAH88 FHR14; Fix 6160 - one g u n .  
SOL NAH88  FHR15; Fix 6178 - one q u n .  
Restarted TSS clock. 
EOL NAH88 FHR15; Fix 6231 - one gun. 
SOL NAH88  FHR16; F i x  6255 - one gun. 
EOL NAH88  FHR16; Fix 6308 - one gun. 
SOL NAH88 FHR17; SP 6318 - one gun. 
EOL NAHBS FHR17; SP 6370 
Complete detailed permafrost  grid. 
P u l l  in all gear and steam for Line P 3  west of Pul len .  Gear on 
Board, 
N o t e :  Ed found defective upper  shuttle s l eeves  in black gun - 
upper sleeves from 1986 which Is correct size and hope. 
Gear in water and operational .  
SOL NAH88-P3; FSP 6371  HDG 033 deg. SPD 4 . 4  kts. 
SF 6 4 4 3 ;  Waypoint 15 

boomer d e p t h  comp a t  6 2 . 5  m e c .  Uust amend rolls. 

( A l l  mnewm parts from Hamco) replaced with one of the o l d  



TIME REHARKS 
....................................... 

9 SEPT., 1988 

0152 
0200 
0207 
0300 
0333 
0340 

0350 

0414 
0 4 2 4  

0521 
0557  

0558 

0732 

0940 

1 2 5 0  
1345 

1359 

1605 

1630 

1 6 4 5  

EOL P1B  turn  to  line P6 east 
Red  gun off to replace  black  gun 
Surf  board  aboard. 
Surfboard In water.  Changed  out  forward  gun. 
All  okay.  New  paper PTR and boomer EPC 
Deep tow  system  snagged  something  and  was  dragged  into  bottom 
damaging  airgun  firing  line. 
EOL P6A  SP 2088. Slow down to recover  deep tow. Also  work on 
fixes from bridge.  Some  spurious  fixes. 
SOL NAH08-Pl5A. FSP 2095 HDG 180  degrees. 
SP 2101 - increased  speed to 4 kts. Wind  and  swell  on  Port BOW 
- Boomer  records poor. 
SP 2142 - Black  gun  down  again. - Free  flow.  Run  on  one  gun. 
EOL NAH88-Pl5A. LSP 2169 - Turn off line for swell  affecting 
records. - Poor data. 
SOL NAH00-P16A/14 FSP 2170, HDG 270 deg. Spd 4.6 kts. 

Comment : 
Have  tried  replacing  all  black  gun  parts  with  new.  Even 
Total  Gun  on  more  than  one  occasion  but  springs  still 
keep  breaking.  Suggestion is that  towing con- figuration 
holds a vortex  trapped  air  bubble in the chamber and is 
effectively  like  firing  the  gun on deck  at  full  pressure 
and  breaking  springs.  Working  well  on  one  gun at 
present.  Keep  shooting  and  when  opportunity  arises,  will 
pull  and  repair  gun  and  also  rotate  towing  bridle  by 90 
degrees to attempt to change  physical  towing  situation. 

SP 2258 - End of P16 - Continue  on  extension  of P14 which is a 
repeat of line  GHR81-022 and 22B. 
Compressor  check - belt  surging - fed bulldog  tape - okay winds 
SE at 20 knots. 
Compressor  check - more  bulldog - wind SE 20 - Seas 4-6 ft 
SP 2583.4 - 8-9 metre  deep  scour on gassy  edge ? ice  scour or 
pock mark? 

Break survey to service generator/compressor & guns. 
Rearranged  guns to have  perpendicular - rebuilt both guns - 
broken  springs in black - tightened comp belt - service 
generator. Head for Line  P23. 
Boomer, airgun and PTR in water. On  line  direction PTR and 
boomer  useless.  Decide to recover  boomer  and IKB. 
Boomer and IKB recovered - Jim  deploying  deep  tow  and  wants 
airgun  after  has  tested his equipment. 

EOL NAH88-14/15A LSP 2596 



TI HE REHARKS 
....................................... 

1650 EST 27 krn to start of Jim's line. 
1655 Decide to recover  airguns as being  thrashed  and cannot run l ine  

1705  Airgun on deck - working  on deep tow and  slow t rans i t  toward 

2117 Begin  shooting on Jim's  line  FHR-1 SOL Fix 2623 

from  this  corner of grid. 

beginning of Jim's line. 

2210 Shut down red gun t o  conserve parts .  Sea still  rough,  records 
poor .  

2300 L a s t  the  capability  to  flre  black  gun. 

10 SEPT., 1 9 8 8  

0053 
0109 

0 1 2 8  
0130 
0148 
0 2 4 0  
0 2 4 8  
0308 
0 4 5 8  
0 5 2 0  
0600 

0 7 4 0  
0805 
1028 
1043 

1103 

1110 

1300 
1303 
1308 
1446 
1 4 4 6  
1539 
1925 
2110 
2112 
2200 

EOL FHR88-1 Fix 2793 
Deep tow depth transducer problems. SP 2813 - Dri f t  in circle 
to recover  and  repair. 
Deep tow i n  water  and  working. 
Deployed  boomer  and IKB, airgun  at l/sec, Boomer 3/sec 

Power interruption  on br idge ,  Syledis  down, 
Fixes  re-acquired  starting a t  2872. 
Serious  helm error, 90 degrees  off  course. 

Surfboard aboard, make for SOL P 2  at WP 5. 
Replace one  wire  strap  on  airgun  and black gul! had 2 broken 
springs.  Steaming  toward SOL at  Arnak  (1976). 
Airguns  back  in  water 2.2 k to SOL, 

SP 3111 change sweep on  boomer 6 PTR.  Records t o  62.5 us. 
SP 3124 - Try PTR in 3.5 kHz  switch position - Bad record, 
switch  back t o  7 . 0  kHz. 
SP 3144 Compressor  down - blew  compression  fitting  on 1st stage 
of compressor - (no  spares - try  engine  room) 
SP 3152 Divert off survey  line  for  Western  Polaris  coming from 
other  direction  along  same  survey  line. 
Compressor  functional 
SP 3250 - Airguns  working. 
SP 3253 - Black  gun down. Run on red gun. 

SOL FHR88-2 Fix 2832 

EOL FHR88-2 SP 2975 

SOL NAH88-P2A FSP 2976 - HDG 269 deg. SPD 4 . 4  kts. 

EOL NAH88-PZA - LSP 3333 
SOL NAH88-P23A FSP 3334 HDG 000 
EOL P23A LSP 3386 
Hunter's fish deployed. 
Gen S e t  off to  check lube  oil,  Gun  at 1 . 5  sec rate. 
Gen set back  on  line 
EOL NAHBB-P8; F i x  2706  A/C t o  north 



TIME  REMARKS 
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2200 SOL NAH88-FHR3; Fix 3707 
2210  Surfboard  aboard for preventative  maintenance. 
2348  New  stylus  boomer,  PTR EPC 
2 3 5 5  Airgun in water,  firing  black  gun  only - Flx 3756. 

11 SEPT., 1988  

0015 Changed to red gun only, black free flowing,  then  seated. 
0 0 3 9  
0105 
0433 
0 5 4 1  
0 5 4 8  
0642 
0646  
0815 
0 8 3 2  

0900 

1016 
1017 
1355 
1645 
1700 

EOL NAH88-FHR-3; Fix 3795, 
SOL NAH88-FHR-4; Fix 3814 
Checked gen s e t  - OK 

Surfboard aboard for gun  maintenance 
Guns  back in water 
SOL NAH88-PlZA; FSP 4048; HDG 357 degrees 
SP 4115; Black gun  starting t o  no-fire. 
SP 4120; Run  on red gun  only - black  gun  leaking and 
was down. t o  1100  lbs. 
Try firing rate  1 sec; lose some signal and change f 
1 . 2 5  sec .  

SOL NAH88-P6B;  HDG 8 8  degrees; FSP 4215 
SP 4416 - No problems 

Boomer  and  IKB  and  airguns  on  deck for maintenance. 
glitch  noises  from  towinq. 

EOL NAH88-FHR-4; SP 4047 

EOL NAH88-Pl2A LSP 4212 

EOL NAH88-P6B LSP 4555 

pressure 

lring to 

IKB has 

- Discover  Canvas  bottom  cone  cover is torn - weave  rope 
through it to secure i t  back  in  place  (should  be  replaced) 
- Black  gun  down  (springs) - Re-configure  towing  arrange- 
ment to that of 1986 - last desperation  try - possibly 
other  configuration  has  some  kind of interaction that  
causes  spring fallures. 

1900 A t  BOL Gulf  pipeline run - still  working  on  guns 6 circling. 
2048 SOL NAH88-PIPE 1; FSP 4556; HDG 2 0 8  degrees; SPD 3.9 kts, 
2124  Stylus PTR boomer EPC; Compressor leak, change rate t o  1 3/4 

sec - A.G.  set back to 1 1/2. 

1 2  SEPT., 1988 

0105 Compressor can't keep up; change  back  to 1 3/4 sec 
01 59 Still losing a i r ;  shut off black gun.  Leak in r e l i e f  valve 

piping.  Plugged  but  no safety release - monitor pressure very 
carefully. 

0217  EOL NAH88  Pipe 1; Fix 4811 



TIME REMARKS 
...................................... 

1150 

1230 
1240 
1309 

1322 
1715 

1730 

1820 
1824 
2000 
2256 
2311 
2344 

SP 6490 Change airgun t o  1.5 sec,  Firing from 1.75 sec - 3rd 
stage of comp.  blowing  down  regularly  and  guns  running a t  1900 
lbs, 
Back  to 1.75 firing = 3rd  stage gauge stuck, Not blowing down. 
SP 6 5 2 8  - Waypoint 13 
SP 6554 - End bottom trigger heave  comp  on AG/Boorner Record - 
Too much ice scour.  IKB  records  qlitchinq.  Canvas  cover 
likely  hitting  hydrophone. 
SP 6566 - Waypoint 12 
Glitching very bad on boomer records - will attempt  repair  at 
end of line. 
EOL NAH88-P3; LSP 6779 - Recover  boomer/IKB - Tighten  canvas 
cover on cone. 
Gear  back in water  and  operational - Still  glitching. 
Change  stylus 

Begin  fixing pr io r  to starting  refraction  line 18. 
SOL NAH88 FHR 18; Fix 7025 

SOL NAH88-PlO; Fix 6780 

EOL NAH88-PIO; Flx 7000 

1 5  SEPT., 1988 

0512 
0540 
0602  
0619 
0629 
0815 
0920 

1124 

1 2 4 4  

1258 

1400 

1513 
1525 
1609 

1615 
1834 
2 0 2 4  

EOL FHR 18; Fix 7260, turn off guns  for  refraction  interference 
Airguns back  on  line. 
SOL FHR19; Fix  7297 
S p  7310  Guns o f f ,  Compressor  blowdown  stuck  on 900 psi. 
SP 7314 Guns  back  on - problem  fixed. 
SP 7394 - alter  course to avoid GSI ship. 
SP 7441 - Fewer  ice  scours - Switch  AG/Boomer  record  (boomer) 
to bottom track  heave  compensation  and 62.5 msec sweep spd .  
Now 200 m south of track around  Isserk  artificial  island. 
EOL FHR19; LsP 7538  - Recover  deep tow.  Recover airguns to 
check  rigging - in bad  shape. Almost lost guns. Steam  for 
line P8B. 
SOL NAH88-P8B; FSP 7539 - Start  at  intersection of line P1 HDG 
090. 
SP 7552.  Incr  firing  rate to 1.5 sec to reduce pressure to 
1600. Adequate  penetration  and  reduce  hammering  on  ship  and 
gear.  Still  have  glitching  on IKB?? Winds on Stbd s i d e .  
SP 7606. Remove bottom  track  heave  comp on AG/boomer record. 
Too much  ice  scouring. 
SP 7672 WP 14 
Reduce AG firing  rate to 1.75 sec to build  pressure. 
SP 7722 - Compressor blowdown  stuck on guns to 900 p s i  - shut 
down. 
SP 7728 - guns back on. 
EOL NAH88 P8B; Fix 7850 
SOL NAH88 P2C; Fix 7 8 5 6 ,  attempted  repair IKB t o  pinpoint 
glitching  noise source, only partially  successful. 



TI HE REMARKS 
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2057  Fix  7879; Waypoint UB 80-41 
2337  Fix 7994; WP NA81-2 

1 6  SEPT.,  1988 

0136 
0352 
0415 
0638 

0748 

0805 
0816 

0900 

0915 

1006 

1025 
1200 

1330 

1415 

1600 
2000 
2100 
2200 

2 2 3 0  
2 4 0 0  

F i x  8085; EOL NAG88 P-2C 
SOL NAH88 FHR 20; Fix 8085 
Trouble  with  trigger  level  on AG EPC Fixed 
EOL NAH88 - FHR 20 - LSP 8203 - Transit  West t o  FHR 20 with 
survey on e 

SOL NAH88 FHR 21; FSP 8246 in rain  and  wind  squall - winds W 
15-20 - winds  swinging to NW. 
Compressor  blow down stuck.  Guns o f f  SP 8261 
SP 8269.  Guns  on - compressor  on  manual.  Increase  firlnq rate 
t o  1.5 sec. SP 8284 - back to 1.25 sec firing r a t e ,  
SP 8307 Back to 1 . 5  firing - drop  pressure to reduce  hull 
hammering so crew  can  sleep, 
Winds WW at 15 knots - swells  building  and  records  deter- 
iorating. 

Note: SP's 8 3 2 3  to 833. Good example of delta front  sediments 
- forset beds indicating  source toward the north??? 

EOL FHR 21; LSP 8365 - Pull in refraction  system.  Airguns  and 
boomer - steam at 6 kts to  beginning of P7 - winds 20, seas 
building. 
Gear on board - boomer  and IKB tangled, 
Near BOL - Winds 20-30 from NW - conditions look bad. Try 
steaming  line direction - decide to continue  offshore  to  deeper 
water to see i f  swell  conditions  improve. 
10 km  down line in 10 m water. Winds  25 k t s  NW - seas 1-2 rn 
and  breaking - considered  too  rough to g e t  decent data  and will 
likely  just  damaqe gear. Wake Jim  Hunter for discussions on 
plan of action. 
Pull in PTR transducer  and  head  for Tuk Fairway Buoy (Captains 
choice), 
At anchor  waiting  on  weather. 
Steam  to line P1S; waypoint 5 
Airgun gear in water for t e s t  - winds  20-25 NW. Seas 1-2 m 
Record  quality very poor wlth swell & sea noise. Fax too rough 
for boomer - decide t o  recover  alrguns.  Captaln  and Jlm Hunter 
decide t o  call  this end of survey. 
Transit  to river mouth. 
Trans it . 
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17 SEPT., 1988 

0000 Transit t o  river  mouth. 
0330 Nose lnto Creek to  take  on  fresh  water and park for the  night. 
1300 Pull away  from  shore and head up river toward Inuvik. 

2000 (1400 local)  Arrive  Inuvik 
2200 Demob  and  packing. 

Demobilize  gear. 

18 SEPT, ,  1988 

0000  (Local) In Inuvik for demob 

1200 Demob and packing. 
1530 J.Lewis,  M.Douma and E. Hayzes catch 

0700- 

Mayzes on t o  Calgary. 
2000 Arrive Edmonton - overnight in Nisku Inn. 
19 SEPT., 1988  

0730 JL 6 MD fly Edmonton  to Halifax. 
1910 Arrive Halifax. 

20 SEPT., 1988 

flight to Edmonton. Ed 

1000 Deliver  data t o  Bob Harmes at B.I,O. 



APPENDIX 2 

RECORD AND LINE SUHMARY 



LIlD 

UAHl l l -P4  

P4d 
I 

I 

I 

PS 

I 

P20 

I 

D l 1  

I 

PI + P1B 

P I  t P1E 

P6 

I 

P15A 

P l S A  

P l W l 4  

I 

FYP- l12  

I 

PIA 

Pl h 

P13A 

P 2 3 A  

WAEII-PIA 

D M  

01 Sept  

I 

I 

I 

05 S e p t  

a 

I 

0 6  S e p t  

I 

08 Sept 

I 

I 

I 

09 S e p t  

a 

I 

I 

I 

I 

9,1O/Sept 

I 

1 0  Scpt 

I 

I 

I 

I 

SOP TIID 

0600 

oaln 
1 1 5 6  
2057 

2110 

2130 

0 7 2 1  

O?tl 

1224 

1214 

1 1 5 5  

1 8 5 5  

01 50 

0150 

0414 

0414 

0 5 5 8  

0558 

2117 

2117 

O I l S  

0815 

1 1 4 6  

1 1 1 6  

1539 

109. T I M  

0718 

1156 
2057 

0057 

556 

556 

1 3 1 8  

1318 

11151 

0115 

l a 5 4  

0150 

0 1 5 0  

0350 

0 3 5 0  

0 5 5 1  

0557 

1359 

1359 

0158 

0158 

1 1 1 6  

1 1 1 6  

1 5 3 9  

1 5 3 9  

2200 

PtBD 

1 

55 
3 3 2  
520 
192 

610 

610 

1 0 3 1  

1 0 3 2  

1 3 3 1  

1 3 3 1  

1 6 3 8  

1 6 3 8  

1007 

Z O O ?  

2095 

2095 

2170 

2 l l O  

2623 

2623 

2976 

2976 

3 3 3 1  

3331 

3311 

LIP 

56 

3 3 1  
519 
639 
632 

1031 

1 0 3 1  

1 3 6 7  

1 3 6 7  

1637 

1637 

2006 

2006 

2080  

zona  

2169 

2169 

2596 

2596 

2 3 1 5  

2 ¶ 7 5  

3333 

3333 

3316 

3386 

3704 

IW SDO 

1 2 5  
1 2 5  
1 2 5  
I 

I 

250 
250 
250 
1 2 5  
1 2 5  
1 2 5  
250 
1 2 5  
1 2 5  
125 
1 1 5  
1 2 5  
250 
62 .5  
1 2 5  
1 2 5  
250 
62.5 
2 5 0  
1 2 5  
125 
1 2 5  
2 5 0  
1 2 5  
1 2 5  
1 2 5  
250 
1 2 5  
11 5 
1 2 5  
1 2 5  
1 2 5  
250 

125,62.5 
125,62.5 
125,IZ. 5 

250 
6 2 . 5  

125l61.5 
125162.5  
2 5 0 . 6 1 . 5  

1 2 5  
1 2 5  
1 2 5  

IlltW 

PTP 
Boomer 
I 

I 

I 

Airgun 
soortr 
Alrgun 
BOOM 
nooler 
PTP 
Alrqun 
Boomer 
Bourer 
PTP 
Boomer ’ 

PTP 
Alrqun 
Boomer 
Boomer 
P T I  
Airgun 
Boomer 
Airgun 
Boomer 
B o o w  
PTP 
Airgun 
Boorer 
Boomer 
PIP 
Airgun 
BOODrr 
uoortr 
P t P  
Boomer 
PTP 
Ai rqun 
B o o l e r  
Booacr 
PtP 
Airgun 
Boomer 
B O O R  I 
PTP 
Airgun 
Boowr 
uoorcr 
PTP 

sou I 

1 

2 
3 
1 
1 

2 

5 

3 

6 

1 

1 

I 

5 

6 

9 

7 

10 

E 

11 

1 2  

9 

1 3  

1 0  

11 

11 

15 



! 

i 

i 
! 

Dl1 

I 

I 

11 Sept 

I 

n 

I 

I 

I 

a 

I 

I 

12 sept  

13 Sept 
I 

I 

I 

13 Sept 

I 

I 

I 

I 

I 

I 

I 

I 

SOD T I M  

1539 

2 1 0 0  

2200 

0115 

0115 

0616 

0616 

1017 

1017 

2015 

2015 

0510 
0106 
0110 

0100 

0110 

0110 

1039 

1039 

1536 

1516 

11 16 

1716 

1115 

1115 

101 TI11 

2200 

0018 

0 0 3 8  

511 

511 

1016 

1016 

1615 

1615 

0217 

0217 

0 6 5 0  
0810 
0131 

0139 

1010 

1010 

1138 

1318 

1658 

16sa 

1111 

1111 

2015 

P l l P  

3311 

3107  

3707 

3111 

3811 

1o1a 

1011 

1215 

4215 

1556 

4 556 

4 9 2 5  
1981 
5 0 3 6  

5 0 3 6  

5 2 2 0  

5 2 2 0  

5513 

5513 

5616 

5616 

5759 

5159 

5131 

5131 

LIP 

1706 

3795 

3795 

1017 

1017 

1112 

1212 

1555 

4555 

la11 

1111 

1911 
5035 
5219 

5219 

5512 

5512 

5685 

5615 

5714 

5711 

5113 

5113 

5192 

IVP IPD 

250 
125 
125 
125 
125 
250 
115 
125 
250 
125 
11 5 
125 
2 5 0  
125 
125 
125 
2 5 0  
125 
125 
125 
1 5 0  
125 
250 
250 
250 
125 
6 2 . 5  
125 
250 
125 
62,s 
125 
250 
125 
61,5 
125 
250 
62.5 Bt 

125,62.5 
125,62,5 

250 
62.5 BT 
62,5 
62.5 
250 
62.5 BT 
125 
62,s 

111TXM 

Alrqon 
Boomer 
Boow r 
P R  
Boomer 
Airgun 
Boovr 
PTP 
Alrgon 
Booner 
Boomer 
PTR 
Airgun 
Boomer 
Boomer 
PTP 
airgun 
Boomer 
B O O M  
PTP 
Airgun 

Alrgun 
Airgun 
Airgun 
Boomer 
Boomer 
P T l  
Airgun 
Boomer 
BOOMK 
Ptl 
Airgun 
Boomer 
loowr 
PTR 
Airqun 
Booner 
loomcr 
PTS 
Airgun 
Boomer 
loorcr 
P T I  
Airgun 
Boomer 
PTP 
Boorer 

BO08eI 

ROLL I 

12 

14 

13 

17 

14 

11 

15 

19 

16 

20 

11 

11 
11 
19 

21 

20 

21 

21 

23 

22 

21 

21 

2 4  

2 3  

25  



11 IP 

YAEII PHP 11 

I 

HA1118 PUK 1 2  

I 

YAU18 FUR 13 

lAU11 FUP 14 

HAllll PUP 1 5  

I 

YAHlI PHP 16 

YAUll PUR 1 7  

WAHl8 PI 

IA11lI P 3  

llAUI8 P10 

I 

I 

I 

YAEl8 FHR 1 8  

I 

llAU11 PHR 19 

I 

11AU11 P I B  

8 

IAHII P 2 C  

I 

HABll PHP 20 

I 

IA818 PUR 11 

I 

DAY 
I 

8 

I 

I 

I 

I 

14 S e p t  

I 

n 
I 

I 

I 

I 

14 sept  

I 

I 

I 

I 

15 S e p t  

I 

I 

I 

I 

I 

1 6  S e p t  

I 

I 

8 

SO1 T I M  

2016 

2 0 1 6  

2119 

2139 

2212 

2 2 2 2  

0 2 3 9  

0 2 4 1  

0151 
0 4 5 1  
0 6 1 7  
0617 
0 9 1 1  

0 9 1 1  

1121 

1811 

2 3 1 1  

2311 

0515 

0515 

1 2 4 4  

1211 

2014 

2024 

0 3 5 2  

0 3 5 2  

07111 

0 7 4 1  

10s TI111 

1 1 3 7  

1 1 3 7  

1 2  2 1  

2 2 2 1  

01 39 

0 2 3 9  

0 4 0 9  

0109 

0 6 0 3  
0 6 0 3  
011 5 
0 7 2 5  
1 1 3 0  

1730 

2256 

2256 

0514 

0514 

1 1 2 4  

1 1 1 4  

11138 

1 8 3 8  

0 1 3 6  

0 1 3 6  

0 6 3 8  

05311 

1 0 0 6  

1 0 0 6  

PtBP 

5 8 9 3  

5 1 9 3  

5 9 5 3  

5 9 5 3  

6 0 2 4  

6 0 2 4  

6111 

6 1 7 1  

6255 
6 1 5 5  
6311 
6 3 1 8  
6 3 7 1  

6311 

6 7 1 0  

4710 

7 0 0 1  

7 0 0 1  

7 2 6 1  

7 2 5 1  

7 5 3 9  

7 5 3 9  

7 1 5 6  

7156 

IO15 

1111 

1 2 1 6  

1 2 1 6  

LlP 

5152 

5952 

6 1 2 3  

6 1 2 3  

6 1 6 0  

6 1 6 0  

6 2 3 1  

6 2 3 1  

6 3 0 8  
6 3 0 1  
6 3 7 0  
6 3 7 0  
6 t 7 9  

6 7 7 9  

1400 

7 0 0 0  

7 2 6 0  

7 2 6 0  

1531 

7 5 3 s  

7 1 5 5  

1 1 5 5  

11a4 

1111 

1 2 0 3  

1203 

1 3 6 5  

1 3 6 5  

l W  IPD 

250 
6 1 , 5  BT 
6 2 . 5  
6 2 . 5  
250 
6 2 . 5  BT 
6 2 . 5  
6 2 . 5  
6 1   $ 5  
6 1 , s  
6 2 . 5  BT 
2 5 0  
250 
6 2 . 5  Bf 
6 2 . 5  
6 2 . 5  

2SO 
62.5 ,125 
C1.5 
61 .5 ,115 
1 2 5  
2 5 0  
1 2 5  
6 2 . 5  
250 
1 1 5  
1 2 5  
6 2 . 5  
2 5 0  

1 2 5 , 6 2 , 5  
1 2 5 , 6 2 . 5  

6 2 . 5  
2 5 0  
61.5 
6 2 , 5  
6 2 . 5  
250 
1 2 5  
4 2 . 5  
62 .5  
6 2 . 5  
6 2 . 5  
2 5 0  
1 2 5  
6 2 . 5  
62 .5  
250 

1 2 5 , 5 2 . 5  IT 

lfltrM 

Airgun 
Boobe 1 
loowz 
PTP 
Ai:gun 
nooltr  
l o o r r  
P T I  
lOOrc1 
Ptl 
loowr 
Alrqun 
Airgun 
Boorcr BT 
Ioovr 
PTI 
Alrgur/Boorcr IT 
BooBcr/PTP 
ilrgun/Boonr BT 
BooBcr/PTP 
Alrqun 
B o o w  It  
loorer 
PtP 
Boomer 
A l r q ~ n  
PTP 
BOODeZ 
Alrgun 
BOOBCZ 
PT9 
BOOBeZ 
Airgun 
B o o w  UT 
PTP 
Boorcr 
Airgun 
Boomer 
loonr 
P T l  
Airgun 
Boortr 
loowr 
PTP 
I o o r z  
P T I  
Alrqun 
Boomer 
Boorcr 
P T l  
Airgun 
hOrG1 

MU I 

I I  

26 

15 

2 1  

21 

26 

1 7  

11 

21 
21 
21 
21 
21 

30 

1 9  

3 1  

32 

30 

3 1  

3 3  

32 

3 1  

3 3  

3 5  

36 

34 

31 

35 


























