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LAYMAN'S SUMMARY 

Scnne physical p roper t ies  of she l f  surface sediments, Beaufort Sea, Alaska 

by 

$rk ~ e ~ i t z ,  Douglas Maurer, Peter  Barnes, and Larry T o h i 1  

. The physical  p roper t ies  of  sediments presented in t h i s  repor t  include 

their res i s tance  t o  deformation (shear s t rength)  and penetrat ion (pene- 

t r a t i o n  r a t e ) ,  and values of  s a l i n i t y  within t h e i r  pore water. This da ta ,  

cxmring  l a rge  a reas  of t h e  Beaufort Sea she l f  o f f  Alaska, has been 

--red over the  years,  but  especial ly  during the  1976 f i e l d  season. 

Shear s t rength  and penetration r a t e ,  occasionally determined a t  the 

s t a t i on ,  a r e  of value t o  t he  designer of offshore  s t ruc tu re s ,  i n  

.  bating f e a s i b i l i t y  of ,dredging operatioris, t he  po ten t i a l  f o r  slunrphg 

of  sediments, and i n  s tud ies  of i c e  forces  involved i n  producing the 

. gouges found on the  high l a t i t u d e  shelf  areas .  Shear s t rengths  o f  sur- 

f i c i a l  sediments were measured with a simple, hand-held shear vane, e i t h e r  

on board sh ip  from samples t h a t  appeared t o  be r e l a t i v e l y  undisturbed, 

or d i r e c t l y  on the  bottom by divers.  The penetrat ion r a t e s  were obtained 

during sediment sampling operations using a vibratory coring device with 
I ' .  

2-m long core bar re l s .  The res i s tance  of sediments t o  shearing and pen@- < &  . . 

t r a t i o n  are not  in te rpre ted  i n  t h i s  repor t ,  except by noting t h a t  ica- 

cemented sediments may occur a t  two shallow water s ta t ions .  

Since t h e  average annual water temperatures i n  the  study area are 

below the  freezing point  of f resh  water, the  absence of ice-cemented 

s u r f i c i a l  sediments may be explained by the  presence of an t i f r eeze  i n  the 

form of  sea  s a l t s  within the  sediments. 

waters within t he  sediments was done t o  

sediments should freeze,and t o  evaluate 

&Our study of the salinity of pore *:, a t 
' *' ,";*ss 
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times of the year th i s  may occur. This problem is of utmost importance t o  

many aspects of offshore developments, and to  the study of related environ- 

mental problems. Using the relation between the sal ini ty of sea water 

and i ts  freezing point, most of the local i t ies  sampled should freeze during 

the winter. An equation from the Russian l i tera ture ,  using the sal ini ty . 

of pore water and moisture content, appears to  give reasonable results 

on the temperature a t  which bottom sediments become ice cemented. 



Sam physical properties of shelf surface sediments, Beaufort Sea, Alaska 

w ' 
itz, Douglas Mauer, Peter W. Barnes, and Larry T o i m i l  

far almost no data on mass physical properties of  shelf sediments in 
' 

the Alaskan Beaufort Sea has been published. This type of data is important 

for several reasons. For example, Kavacs and Mellor (1974) attempted t o  
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TABLE 1 SHEAR STRENGTH VALUES FROn SAMPLES PSI - pounds per square inch  
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Fine-grained candy mud 
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S t i f f ,  grey c l ay  



On a number of dives more than one reading was taken,. This was done qarticu- 

. . l a r ly  i n  ice gouged areas, where differences are t o  be expected betwe 

undisturbed bottom, gouge flanks, and gouge floors. A t  each s i t e  the maximuta 

rea-g (peak) .and the. reading obtained during the shearing event (re idual) d 
were recorded by the diver. See Table 11. , "1 these values t. 
with information on stat ion location, water depth, depth below sea f l  

bottom type, sediment type, etc. are presented i n  Tabla 11. Station 

locations are shown in  Figure 2. 

Although care was taken by the divers t o  increase torque slowly F 
evenly t o  obtain rel iable readings (Fig, 3 ) ,  currents and other facto . 

. not allow them t o  do so in a l l  cases. These in  s i t u  shear strength 

still  are considered t o  be more accurate than those obtained from par 

tha t  vane shear readings obtained in  sandy and gravelly sediments w i t  

o r  no plast ici ty are not considered t o  be good t e s t s  due t o  par t ic le  
I 

drain'ed and possibly disturbed bottom samples aboard ship. It should 

locking and other factors. . .. 

b@ noted 

Penetration Rates of ~ ib roco re  Barrels 
* 

Twentyfour vibrocore samples were obtained during the sumner of 

(Fig. 41, with core length of up t o  1.80 m. The rates of penetration I ,  

: ' 8 ,  

recorded for most stations. These ra tes  provide a qualitative measur of the 

mil  properties in  different environments of the inner shelf. In sev ral 
I b 1 

instances divers using'a vane shear measured in s i t u  shear strength f SIX- 

face sediments near vibrocore stat ions (Fig. 2 ) .  

The vibrocorer is driven by two elect r ic  motors producing a comb ned I 
driving force of 700 kg a t  a ra te  of 2,840 impulses/min. Square stee barrels  

and tubular fiberglass barrels were used ,in a l l  instances. The s tee l  1 barrels 
propa gated the vibratory impulse more efficiently 'to the core nose ' t 4 ' the 

fiberglass barrels, because of the greater damping characteristics a sociatad 4 



TABLE I1 IN SITU SIiEAR STRENGTH VALUES 

- average of several readangs 

between worm 





with the fiberglass barrels.  Alongwith iihepenetration rates,  the barrel type 

used a t  each station i s  shown in  Figure 5. Station locations and water depths . . 
I 

Only preliminary core studies have been performed so fa r  and we therefore 

I 
did not'include sediment descriptions with the penetration rates. However, 

. by comparfng sediment characteristics in  the penetrated section with penetra- 

tion rates, we feel  fa i r ly  certain that  cores 19 and 20 from the Colville Delta 

were stopped a t  the top of the unddrlying ice  bonded sediments. 

' Points 

gathered by our Beaufort Sea project over the years. During the 1976 sunmae 

f ield season on the R/V KARLUK we made a special e f for t  t o  obtain re l iable  

data on the sa l in i ty  of i n t e r s t i t i a l  waters in  surf ic ia l  sediments on the inn  

shelf. 

Our main objectives in  t h i s  study are t o  gain an understanding of thd 
I 

sedimentary environment on the a rc t ic  shelf. The shelf surface is affected 

and modified by waves, currents, strudel scour, ice  gouging, small c r i t t e r s ,  

and m t ~ y  other factors. Our thinking about bottom processes has been based 

on the assumption that  the sediment surface is unfrozen (Reimnitz and Barnes, 

1974). There is some justification for t h i s  assumptibn, a t  l e a s t  for  sunder 

bly a t  several vibrocoring stat ions i n  very shallow water near the Colvil 

' River, as stated ear l ie r  'in t h i s  report. Even during the driving of a 

probe in  bottom-fast ice  off the Kuparuk River, when some of the data repor 
1 

herein was obtained, penetration was not prevented.or9retarded by ice  c b a  

within the sediment, as  fa r  as  we can determine. 

3 
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I f  t h e  s u r f i c i a l  sediments d i d  become i c e  bonded i n  c e r t a i n  environ- 

ments during t h e  peak of t h e  winter,  t h i s  would be very important f o r  s t u d i e s  

of  bottom processes, f o r  b io log ica l  s t u d i e s  of bottom dwelling organisms, and 

f o r  o f f  shore const ruct ion p ro jec t s .  For exarple,  high flow v e l o c i t i e s  recorded I 
t 

by cur ren t  meters cou ld . ind ica te  t h a t  sediment t r anspor t  i s  taking place,  whi 

i n  f a c t  t h e  seabed may a c t u a l l y  be frozen. An example o f  p o t e n t i a l  environmental 

impact may be envisioned by considering t h e  influence of  a cold  p ipe  1 b e  

carrying n a t u r a l  gas buried on t h e  shel f .  I f  t h e  she l f  sediments a r e  6 
I 

to  t h e  f reezing point ,  t h e  cooling e f f e c t  of such a pipe l i n e  may r e s u i t  

t h e  f reezing of  overburden. Bedload t r anspor t  of sediment might be a f fec ted  

such t h a t  individual  g ra ins  i n  t r a n s i t ,  temporarily contact ing t h e  bottom, 

become adfrozen. This i n  tu rn  could r e s u l t  i n  t h e  formation o f  a sediment 

along t h e  p ipe l ine  corr idor .  

Sediment S a l i n i t y  

I n t e r s t i t i a l  s a l i n i t i e s  were determined from sediment samples c o l l  

in 1972 and 1976. I n  1972, deep w a t e r  samples w e r e  obtained by g r a v i t i  c 

on t h e  ou te r  shel f  (Table I V ,  s t a t i o n s  1-5). From these  cores  10 c m  sub- 

were taken, squeezed, and processed on board by d i l u t i n g  40 m l  of  in tea r s t i t  

water t o  200 ml ,  on which t h e  conductivi ty was measured. The 1976 values 

I V ,  s t a t i o n s  6-21) were obtained from samples co l l ec ted  i n  p l a s t i c  t 

0 
d ive rs ,  and s tored a t  0 C u n t i l  processing. Since these  inner  she l f  

were q u i t e  va r iab le  i n  composition, d i f f e r e n t  methods had t o  be used for 

ex t rac t ion  and s a l i n i t ;  determination. Some of t h e  samples w e r e  c e n t r i  
1 

f o r  15 minutes a t  15,000 rpm. 20 1 of  i n t e r s t i t i a l  water w e r e  tit 

aga ins t  a Copenhagen Standard seawater of known c$lor in i ty ,  using a 

Automatic Chloride T i t r a t o r .  Values obtained by t h i s  method are given 

IV. , 

The remainder of  t h e  samples required a d i l u t i o n  method t o  o b t  

. volume f o r  t i t r a t i o n .  A por t ion of  t h e  subsample was oven-dried a t  

4 
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2) Osterkamp and Harrison (1976), working on offshore permafrost 

roblems in the Prudhoe Bay area, calculated the freezing temperature 

f of sediments using an equation that applies to seawater alone (Doherty and 1 - 
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