
I 
I 
I 
E 

- I  
I 
1 
I 
I 

~I 
I 
I 
I 

REGIONAL INVENTORY 
OF 

. " 

OFFSHORE GRAVEL PROSPECTS 

CANADIAN BEAUFORT SEA 

submitfed to 

Indian and Northern Affairs 

April 7 983 

- 
"" "- 

Ma J.O'CONNOR & ASSOCUTES LTD. 

.. 
. .  



L m,J.o’connon e AssocIaTEs ~TD. 
CONSULTING ENGINEERS & EARTH SCIENTISTS 

‘i 1, 101,4712 - 13th STREET N.E., CALGARY,  ALBERTA T2E 0P1 TELEPHONE: (403) 276-8991 
I 

July 29, 1983 10-176 

Northern Renewable Resources 
Northern Environment, D I A W  
Room 630, L e s  Terrasses de la Chaudiere 
10 Wellington Street 
HULL, PmQ.0 KIA OH4 

Attention: Mr. Dale Longlita 

Dear Sir:  

Enclosed please  f ind OUT f i n a l  xeport on the above captioned  project, 
prepared using  proprietary  information  supplied by the three major 
petroleum operators (Dome, Gulf , Esso) i n  the Canadian Beaufort  Sea. 
We have received  strong  support i n  this endeavour f x o m  Individuals i n  
a l l  three companies, and also fxom S. M. Blasco of the Geological 
Survey of Canada. 

We trust you w i l l  f ind the enclosed  suitable for your present purposes, 
and look forward to being of service to y m  i n  the  future. 

Yours very truly, 

encl. 
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The construction of marine facilities for hydrocarbon exploration and 
possible  future  production in the  Canadian  Beaufort Sea may require  the 
use of substant ia l   quant i t ies  of offshore granular  resources.  while 
independent studies undertaken by the petroleum operators and the 
Geological  Survey of Canada have  already  established  that   substantial  
quani t i tes  of sand-sized  material are presen t   a t  the s e a f l o o r ,   l i t t l e  
information is currently  available to DfAM) regarding the dis t r ibu t ion  
of .off  shore  gravel. 

I n  order to fac i l i t a te   the   p repara t ion  of a management plan for future  
development of these  offshore  resources0 H. Yo O'Connor E Associates 
Ltd. undertook the  review and eynthesis, on a confidential   basis,  of 
proprietary information supplied by the Dome Petroleum, Esso Resources 
Canada and Gulf Canada Resources  pertaining to  the location and extent 
of seabed  gravel  sources in the Canadian  Beaufort Sea. 

The report  presented  herein  concludes  that  gravel  sized  material has 
been located a t   s e v e r a l   s i t e s  on the   cont inental   shelf ,  and that the  
poten t ia l   ex is t s  for the discovery for other borrow prospects i f  
additional  exploration is undertaken. 

It is presently  estimated  that  approximately 95 000 000 m3 of gravel 
have  already been discovered a t   the   seabed  near Hershel  Xsland, 
Issigak, Isserk and Banks leland. m l e  less than 25 000 000 m3 may 
be considered  "proven"  reserves, and not a l l  of this may actual ly  be 
readily  exploitable, it is speculated that perhaps as much as 
300 000 000 m3 of gravel may eventually be del ineated  a t   these 
sites. Since  future  gravel  requirements of the  petroleum  operators are 
largely unknmn, it is uncertain whether such gravel volumes w i l l  be of 
suff ic ient   quant i ty  t o  meet the future  long-term  offshore  requirements 
of both DIAND and  the petroleum industry. 

I t  is concluded that an e f fec t ive  management plan can therefore be 
developed only if close  cooperation is maintained  between  the 
appropriate government agencies and the major petroleum  operators. S t  
is recommended that   future   gravel  s tud ies  undertaken by DXAND u t i l i z e  
the  considerable  expertise and experience  available  both  within the 
major  petroleum companies and the Geological Suxvey of Canada. 

m.'J. 0 
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1.0 INTRODUCTION 

The construction of artificial is lands  for hydrocarbon  explorat5on I n  

the Canadian  Beaufort Sea has, i n   t h e  past, required the  mining of 

s ign i f i can t  amounts of seabed granular resourceB.  Independent  studies 

I n i t i a t e d  by t h e  major petroleum operators (Dome,  Esso, Gulf  and the  

Geological  Survey of Canada (GSC) have  demonstrated tha t  subs t an t i a l  

quan t i t i e s  of sand-sized materials are readi ly   ava i lab le  at or near the 

aeabsd, but the supply of gravel-sized materials is not a8 well 

underatood- In   recogni t ion of this fact, t h e  Director,  Northern 

Renewable Res~~rces ,  Indian and Northern  Affairs Canada ( D I A N D ) ,  

requested that M. J. O'Connor 6 Associates Ltd.  compile and analyze 

rrvailable  infarmation on t he   d i s t r ibu t ion  and  occurrence of subsea 

gravel. The information to be examined was to include  proprietary data 

supplied by each of t h e  major petroleum opera to r s   i n   t he  Canadian 

Beaufort Sea, as well as data which was present ly  i n  the public  domain. 

I n  order to protec t  the proprietary  nature of much of the information, 

use of the data was conditional upon the  following: 

(a) Data provided by the individual  petroleum operators were 

intended for the s o l e  use of M. Y, O'Connor L Associates 

Ltd .  i n  this endeavour  and  hence were to be treated as 

s t r i c t ly   con f iden t i a l .  

(bl The results of the study were t o  be reported i n  a manner 

consistent  with other similar  regional-type  studies that 

have  been  prepared  under the auspices of the Beaufort Sea 

Seabed Synthesis  Project. More spec i f ica l ly ,  gravel 
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inventor ies  were to be i den t i f i ed  on a semi-regional basis 
without reference to specific location6 - and/or pit 

outlines.  

( e )  Prior t o  distribution of the f i n a l  report t o  DXAND and the 

operators,  a draft version wa8 t o  be sulmitted to and 

reviewed by S. M. Blasco, P. Eng. of the  GSC to ensure 

tha t   the   conten ts  remained cons is ten t  with the   o ther  

aforementioned  Beaufort Sea synthesis   s tudies .  

By proceeding in t h e  above manner, it was agreed t h a t  a su i t ab le  

document could be produced to serve as the bas is  for future  discussions 

between the  petroleum  operators and DIAM) to address the need for a 

comprehensive management plan to s a t i s f y  both the short-term and 

long-term demands f o r  gravel i n   t h e  Arctic offshoxe. 

2 .o AUTHORIZATION 

Authorization to proceed with the study was received by t e l ex  from 

G .  N. Faulkner,  Assistant Deputy Minister,  Northern Affairs, on 

03/02/15. Written confirmation of Contract No. 82-607 was  received 

83/03/04. Completion  date for t h e  work was specified as 83/03/31. 
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3 .O SCOPE OF THE STUDY 

During  the couree of t he  study, M. J. O'Connor & Associates Ltd. was 

to: 

1. 

2. 

3. 

4. 

Throughout 

Review all avai lab le   indus t ry  and government data 

per ta in ing  to granular  resource  inventories in the 

Canadian  Beaufort Sea t o  determine the qual i ty ,   quant i ty  

and location of known gravel Bources. 

Ident i fy   other  possible areas for   fu ture   g rave l  

exploration and/or  development. 

Discuss possible cons t ra in ts  to development and  provide 

xecomendations  xegarding  future  short-term and long-term 

use of the  resource. 

Provide  speeif i c  recommendations and budgetary 

requirements' for fu ture   s tud ies  which  might be carried out 

to complete a gravel  inventory of the Canadian  Beaufort , 

Sea a t  a l eve l   cons is ten t  w i t h  t h e  management and 

regulatory requirements of DXAND. 

the Study, M =  J. O'Connor h Associates Lta.  was t o   i n t e r f a c e  
directly  with  personnel fran the major petroleum operators. 
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4.1 Information Reviewed 

During  the  course of t h e  project the three major petroleum operators 

provided M. J. O'Connor & Associates Ltd. with extensive  proprietary 

information  relevant t o  the production of an overview gravel  inventory 

of the  Canadian  Beaufort Sea. This data may be grouped i n t o   s e v e r a l  

categories, as shown below: 

Geophysical  Information - 
Most of this information  consisted  of site-specific 

reports  and maps based on an in te rpre ta t ion  of shallow, 

high  resolut ion  ref lect ion data. I n  many cases the 

or ig ina l  seismic records were also made available,   but the 

nature  and timing of the study precluded any detailed 

re in te rpre ta t ion  of the ac tua l   r e f l ec t ion  recoras. 

Geotechnieal  Information - 

This data set consisted of borehole logs and geotechnical 

reports prepared during both  foundation and borrow 

invest igat ions.  Some of the  early studies  provided only 

generalized  stxatigraphic  information, but the more recent  

inves t iga t ions  also include  detai led  grain size 
dist r ibut ion  analyses .  The r e s u l t s  of a number of shallow 

grab  sampling  programs were also examined. I n  most of the 

lat ter cases, however, t h e   r e s u l t s  were r e p o r t e d   i n  

general  (and sometimes non-standard)  descriptive  terms, 

and no ac tua l   g ra in  size curves were available. 

fn. 1. O'COIIIIOR 8 ASSOCIATES 1TD. 
W 
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Environmental  Information - 
These data consist mainly of grab samples and photographs 

of! the seabed  obtained i n  support of baseline 
environmental  studies to evaluate  the e f f e c t s  of dredging 

on the  submarine flora and  fauna.  Grain s i ze  information 

from these sources was usually  only  semi-quantitative, ie. 

it spec i f i ed   t he   r e l a t ive   quan t i t i e s  of s i l t / c l ay ,  sand, 

or gravel  observed, but d i d  not provide grain s i ze  
d i s t r ibu t ion  curves. 

Dredging  Information - 

The dredging data may be div ided   in to  two subcategories. 

The f i r s t  category consists of information  obtained while 

test-dredging to confirm  the  location and/or limits of 

s p e c i f i c  borxow prospects. The  second category cons is t s  

of quality  control  information obtained during the course 

of normal dredging  operations. In both cases, substantial 

data on the nature of the a c t u a l  grading curves was 

commonly available.  

While much of t h e  above information had already been compiled i n t o  

formal reports , some of it Bxiated  only as internal memos, notes and 

sketches. The reference list which  follows this report  has attempted 

t o  document these  data sources  completely,  insofar as is possible  given 

the  nature  of the  information. DIAND, together wi th  the ESC, 

established primary  contacts for the author within each of the three 

major  petroleum  companies. I n  the courme of compiling  and  synthesizing 

the gravel  information,  the  author also interviewed  additional 

personnel from the   th ree  petroleum companies to rsolieit their cements 

regarding both the shor t  and long-term requirements for 
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construction  grade  gravel remouxces i n  the Beaufort Sea. While their 

sometimes diverse comments have not been incorporated directly in this 

r epor t ,   t h i s   i n t e rac t ion  has been mast benefical  in helping the present  

author to formulate an appropriate s t ra tegy  for future   gravel  

inventor ies   in   the  Beaufort  Sea, A list of these pereonnel is shown i n  

Table 4.1. 

4.2 Techniques  used in   Loca t inq  and Assessing Deposits 

The nature and scope of the present  study did not permit the author to 

undertake  an  exhaustive review of all the shallow seismic data which is 

present ly   avai lable   in   the  Beaufort  Sea for the exprees purpose of 

ident i fy ing  possible gravel sources.  Instead,  the  author has compiled 

and synthesized  site-specific  information collected and/or  interpreted 

by others  t o  ident i fy   the  characteristics of the known borrow sources. 

I n  order to  locate other   possible  gravel sources, the author has relied 

primarily on regional geologic models developed  &ring  the  Beaufort Sea 

Seabed Synthesis   Project  for the Geological  Survey of Canada, as well 

as his fami l ia r i ty   wi th  the extensive shallow seismic data base which 

has already been  col lected  in  the study area. 

To assess the quantity and qua l i ty  of gravel which might be present i n  

each known gravel  prospect, the information from a l l  avai lable   sources  

was combined on a s ingle  work map of each site. The integrat ion of 

these data  proved most use fu l   i n   eva lua t ing  the lateral extent  and 

thickness of each deposi t ,   s ince the combined information  often  covered 

a much la rger   a rea   than   the  limits of the borrow prospect mapped by 

individual operators. Since the information for these work maps forms 

a major port ion of the proprietary data hse,  their i nc lus ion   i n  the 

present report has been  precluded as a condition of the study. 

Nevertheless, it is the author 's   opinion  that  the data which have been 

included  herein are ent i re ly   adequate  to support   the   nature  and scope 

of the  present study. 
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PERSONNEL CONTACTED DURING THE STUDY 

D a a e  P e t r o l e u m  - E. Pessah* 
K. J. Hewitt 

M. B r a d s h a w  
D. Mitchell 
C. 0' Rourke 

G. Johnson 

Gulf Canada R e s o u r c e s  - W. Livingstone* 
A. StirbyS 
H. S t e w a r t  

Esso ReSOUrCeE Canada - C. Williams* 
K. Nelson 
J. Beckman 
C. Mancini 
L. Green 

Primary Contact Person 
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4.3 Defin i t ion  of Gravel 

S ince   th i s   repor t  foeuecs on t h e   a i s t r i b u t i o n  of seabed  gravel, as 

opposed to sand, it i s  usefu l  to review the   var ious   g ra in   s ize  

c l a s s i f i ca t ion  systems and c l a r i f y  the nomenclature  used i n  the  present  

report. 

Table 4.2 mhws information  presented by Winterkorn and Fang (1975, 

p- 6 8 )  which has been modified  using  additional data presented i n  the 

Annual Book of ASTM Standards (1981 ) and Lambe and whitman (1969, 

p. 40) .  According to the table, g rave l   s i ze  materials have g ra in  s i zes  

greater  than 2 O r  5 mrm, depending on the c la s s i f i ca t ion  system. Sane 

d ispar i ty  is also evident i n  the grain s i z e  limits and the accepted 

nomenclature for the more coarse  grained  gravel components such as 

cobbles and boulders. 

For purposes of the prerent report, it: has been necessary to generalize 

the  terminology somewhat to account for t he   va r ious   c l a s s i f i ca t ion  

systems adopted by the   o r ig ina l  authors of the  resource documents. As 

Table 4.2 demonstxates, i n   t h i s   r e p o r t  a l l  materials greater than 5 mm 

Sa diameter w i l l  be referred to as gravel. Addi t iona l   ident i f ie rs  such 

as f ine ,  coarse, cobbles and/or boulders w i l l  be presented only when 

such  precise  information was ava i lab le  from the original  engineering 

reports.  The boundaries between such m b c l a s s e s  have been shown on 

t h e  table- 

Although much of the  gravel i n  the  Beaufort  Sea is r e l a t ive ly   f i ne  

grained, i .e. grain  sizes  often  range from 5 to 20 mm, smne examples of 

more coarse grained materials were also noted. In   o rder  to accommodate 

these occurrences and provide some ind ica t ion  of those locat ions where 

t h e  coarser material may be obtained, an upper limit of 100 mm has been 

ueed on the gra in   s i ze  diagrams presented   in  this report .  
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Since same of the  infonnation  reviewed does not make any d i s t inc t ion  

between  sand  and  gravel, It has been  necesaary to w e  the more general 

term "granular resource" in descr ibing  the  total   volume--of  oand and 

grave l   i n  some borrow depOBitS. Wherever possible ,  however, the 

estimated volume of gravel in such granular   deposi ts  has been 

expl ic i t ly   no ted   in   the   t ex t .  

5.1 Proven  Gravel Prospects 

A t  the present time, only  four borrow prospect6 are known to contain 

s u f f i c i e n t   q u a n t i t i e s  of gravel to warrant consideration In this 

category. As Drawing No. 5.1 shows, these are the Herschel  Island 

sill, Isaigak (also known as South  Tarr iut  and  Kadluk),  faserk and 

Banks Island.  Although the level of groundtruth  infonnation at some of 

these locat ions makes an accurate  assessment of either the   qua l i t y  OT 

quant i ty  of g r a v e l   i n   t h e  entire borrow prospect very aiff i c u l t ,  it I s  

c l e a r   t h a t  a l l  four  prospects  contain eane gravel-sized granular 

mater ia l  a t  the  seabed  and each e x i s t s  a t  a s u i t a b l e  water depth to  

permit at least partial  development by dredging  plants which are 

cur ren t ly   opera t ing   in  the Beaufort Sea. 

5.1.1 Herschel  Island S i l l  

This prospect is so named because It comprises several   deposi ts  

along  the crest of the sill which runs fran Kay Point  northwest 

t o   c o l l i n s o n  Head, the  eastern t i p  of Herschel Island. 

I 

As Table 5.1 demonstrates,  most of the granular  xesource 

infonnation which IS avai lab le  at this location, appears t o  

have  been collected by  Dome Petroleum,  although  important 

information is a l so   ava i l ab le  from t h e  Canadian  Hydrograph 

Service, the Geological  Survey of Canada, and more recently,  
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Year 

1977 

1980 

1981 

1981 

1981 

1982 

* 

TABLE 5.1 

Data Base Examined for the Herschel XsLand Sill 

Page 12 

Collecting 
Agency 

Geological Survey 
of Canada 

Dame Petroleum 

Dome Petroleum 

p me Petroleum 

Dome Petroleum 

Gulf Canada 
Resources 

Date 

Grab Samples 

Reconnaissance 
Xigh Resolution 
Geophysics 

Detailed High 
Resolution 
Geophysics 

Clam Shell  T e s t  
Dredging 

Bottam grab sam- 

still photographs 
for environmental 
control 

ple~, Video and 

Geotechni cal bore- 
holes 

Quantity 

3 locations 

50 lcm 

300 km 

16 locations 

24 stat ions 

6 boreholes 
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Gynthesls of the above  information  suggests  that gravel exists 

a t  the seabed  over  an area of at  least 2700 ha along the crest 

of the sill. Mean water depths for the gravel  deposits vary 

from 6 t o  14 m, although gravel i s  present  to the 15 m isobath 

I n  some places  and I s  suspected to occur aa shallow as t he  2 m 
isobath i n  others. Most of the deposits  appear to cons is t  of a 

thin  gravel  veneer,  perhaps  only 1 or 2 m th ick ,  although some 

patches as much as 6 m t h i c k  may exist near Kay Point-  

It is apparent   that  some 50 000 000 m3 of gravel  probably 

ex i s t   i n   t h i s   a r ea ,   a l t hough  mLy about 20% of this volume can 

ac tua l ly  be considered t o  be proven reserves. Of course, i f  

the largely untested  shallow  deposits  near Kay Point  also prove 

to be prospective  (and  exploitable),  more than 200 000 000 m3 
of gravel may be avai lab le  for future  construction  purposes. 

The qua l i ty  of the   gravel   appears   to   vary somewhat according 

to the nature and  location of the individual  deposits on t h e  

sill. Most of the gravel,  however, appears t o  f a l l  within the 

grading envelope shown i n  Drawing No. 5.2. Those deposits  near 

Collinson Head typ ica l ly  exhibit a s l i g h t l y  finer and more 

uniformly well graded  envelope  than do the deposits to the 

southeast .  I n  the la t ter   case,   f ines*  contents  seldom  exceeded 

20 and  cobbles to 150 mm diameter were observed frequently,  but 

i n  the former case, silt contents sometimes exceeded 5% w h i l e  

t h e  maximum grain size seldom exceeded 7 5  mm. 

The Herschel I s land  S i l l  was u t i l i z e d  as a gravel source by 

Dome Petroleum i n  both 1981 for construction at Tars iu t  and i n  

1982, for t he  SSDC a t  Uviluk.  Materials  Inspection tests 
conducted during the 1982 program confirmed that the qual i ty  of 

*gxain size% less than 74 pm 
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I 
I 
.I 
1 
8 
1 
I 
1 

the dredged material 

analyses reported In 
compared favourably wi th  the  grain size 

the earlier etudies and that the gravel - 
could be used as a construction  material fox ar t i f ic ia l  

is landa . 
5.1.2 ISSigak """""""_ 
The Isslgak borrow s i t e  I s  located approximately 20 km 

northwest of Pelly I s l and  on a small bathymetric high. Esso 

Resources 'first aurveyed this location i n  the ear ly  month8 

of 1975 . I n  1980 and 1981 Dome Petxoleum resurveyed the Site 

and designated t h i s  prospect as the South Tarsiut borrow pi t ,  

because of its obvious geographic location relative to the 

nearby Taraiut  exploration site.  AS Table 5.2 demonstrates, 

Esso Resources Canada and Gulf Canada Resources both conducted 

additional work a t  the s i t e  in 1982. This  t i m e  the  Esso 

reports refer t o  the s i t e  as the Kadluk Borrow Area while the 

Gulf reports use the  original term Ismigak. While it is true 

that  the  actual, borrow prospect  crosses  the bundary between 

the KaClluk and the Issigak grid zones, the larger part of the 

prospect appears t o  occur with in  the la t ter  area. I n  view of 

the above, and at the r i s k  of perpetuating the confusion i n  
nomenclature which already exists, the  present report w i l l  

refer to the prospect as the Issigak Borrow site. 

As Table 5.2 shows, the three major petroleum operators have 

a l r e a 3  conducted more than 50 km of high resolution shallow 

seismic and bathymetric profiling a t  this site.  I n  addition 

to the 37 grab samples  and 52 boreholes drilled on and near t h e  

s i te ,  some 22 locations have also been tes t  dredged to 

delineate the quan t i ty  and quality of granular  material which 
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Year 

1974 

1975 

1980 

1980 

1981 

1981 

1982 

1982 

1982 

1982 

T m E  5.2 

Data Base Examined at Issigak 

Collecting 
Agency 

~~ 

Esso Resources 
Canada L t d .  

Esso Resources 
Canada Ltd. 

Dame Petroleum 

Dome Petroleum 

Dome Petroleum 

Gulf Canada 
Resources 

Gulf Canada 
Resources 

ESBO Resources 
Canada 

Esso Resources 
Canada 

ESSO Resources 
Canada 

Data 

Geotechnical  Boreholes 

Geotechnical  Boreholes 

High Resolution Shallow 
Seismic 

Geotechnical Boreholes 

Shallcw Boreholes 
Shallow Vibracoxes 
Test Dredging 

High Resolution 
Shallow Seismic 
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may be present. These data  dunanstrate that  the pro6pect 

occurs in 7 to 11 m of water and includes an &rea of 1500 to 

2000 ha. The mean water depth over the feature is 

approximately 8.5 m, making it difficult to develop with the 

larger  trailerhopper  suction dredges now operating In the 

Beauf o t t  Sea. 

The average thickness of the deposit appears to be about 2 m. 

Thin ( C l  m) gravel  areas  are  also eomon, although areas having 

up t o  3 m of granular borrow may be found i n  some places , and 

one local area reported to  contain sand and gravel at  least  7 m 

thick has been identified. 

According to  the information presently  available,  the  total 

volume of granular  material in the deposit appears to be 

somewhere i n  excess of 15 000 000 m3. while only about 7 0 %  

of this may currently be considered "proven" reserves, it is 

possible that  additional borehole information a t  both the south 

and northeast ends of the deposit may ultimately establish 

reserves i n  the 35 000 000 to 40 000 000 m3 range. 

. Both fine and coarse gravel  are  available a t  the fssigak s i t e  

(Drawing No. 5.3) 8 with  moat samples having a D50 between 

10 and 20 mm. Sand commonly constitutes 5% t o  45% of any 

recovered samples, inc luding  those obtained from the dredges. 

Fines generally  constitute only 1% or 2%,  although this may 

exceed 5% i n  some local  areas,  typically near the edge of the 

prospect. Samples obtained from geotechnical drillholes 

usually provide a good indication of the grain s ize  
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distribution of the material, but because the diameter of the 

borehole sampling device may be less than  the diameter of sane 

of the  gravel components, the actual percentage of coarble 

gravel which is present may be underestimated. 

Although this s i t e  has been u t i l i z e d  as a source of coarse 

building  mater ia l  in both 1981 and 1982, it is estimated t h a t  

less   than 50 000 m3 of the  deposit have been  mined to date. 

Thus more than 99% of the original  volume may still be 

avai lable  for fu ture  use. 

5.1.3 Xsserk """"""-" 
The I sserk  borrow site occurs approximately 20 km north of 

Pul len  Island, in a physiographic region which has been 

designated by O'Connor (1982) as the Akpak Plateau?  Granular 

material  outcrops at the seabed along the c res t  of a gentle, 

north-trending ridge. Water depths vary from 12 to 16 m, with  

most of the borrow occurring  about the 13 m isobath. The t o t a l  

area of the deposit appears t o  exceed 2000 ha,' but granular 

material  along the flanks of the fea ture  is blanketed by a thin 

veneer of recent  marine milty clay. 

More than 40 km of shallow eeismic data have  been collected at 

th i s  s i t e  by a combination of a l l  three petroleum  Operators. 

I n  addition, 25 boreholes and 21 grab samples are known to have 

been acquired on the same feature. Production dredging at 

IPrserk was car r ied  out br i e f ly  by Dome i n  1981, while Gulf 

conducted same t e s t  dredging over this deposit the following 

year. 

material  which passes the 75 p n  sieve,  including both silt and clay. 

in. 1. O'COnnOR S AUOCICIPES 1TD. u5 
W 
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On the basis of the above, it appears   that  more than 

50 000 000 m3 of granular material irr present at the Isserk 

location,  but  sand comprises - t e 4  80% of this volume. 
Of the remaining IO 000 000 m3 of  gravel,  only 2 000 000 m3 

may be considered "proven" reserves*. Borehole, aeismic and 

test dredging  results a l l  i n d i c a t e   t h a t  some addi t iona l  

reserves  may be present outs ide the main borrow area already 

i den t i f i ed ,  and hence further  groundtruthinq may eventually 

demonstrate  that  some 14 000  000 m3 of gravel are avai lab le  

from this prospect. 

Although four  boreholes at this   locat ion  encountered  gravel ,  

only t w o  grain size analyses  of the gravel matsxial were 

ava i l ab le  for examination.  Drawing No. 5.4 demonstrates  that 

the gravel t e n &   t o  be very  sandy. Even when it is not, most 

of the gravel appears to be re lat ively  f ine  grained,   with no 

evidence of material greater than 20 mm in diameter. Test 

dredging  conducted by Gulf In 1982 @upports this finding: the 

mean D50 of material recovered fxam t he  deposit was only 

about 230 m, and  only 2 of 151 samples tested contained 

granular material with a Dgo in t h e  gxavel range  (greater 

than 5 mml. 

I t  therefore appears that Isserk brrow site must present ly  be 

considered  primarily a source of sand. While gravel i a  known 

to e x i s t  a t  t he  site, subs t an t i a l ly  more work is requi red   to  

prove up the exact   quant i ty  and q u a l i t y  of the coarser grained 

mater ia l  which may be present. Without this addi t ional  work 

*Approximately 35 000 000 m3 of t h e   e n t i r e  deposit may be considered 
proven. 

8 
I 
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it $13 d i f f i c u l t   t o   e s t a b l i s h  whether the I88erk deposit  may 

ever be considered a viable aource of gravel borror   for  the 

petroleum indumtry. 

5.1.4 Banks I s land  

Since 1980 t he re  has been considerable   interest  i n  del ineat ing 

and  exploit ing  gravel xesources near Banks Island.  Although 

the sa i l i ng   d i s t ances  to this prospect from exploration sites 

in the c e n t r a l  Beaufort Sea tend to be l a rge  (see Drawing 

No. 5.11, the par t i cu la r   cha rac t e r i s t i c s  of this area can 

present ly  make it cost- e f f e c t i v e  to develop the borrow using 

l a rge  dredges such as the Geopotes X. 

In 1980, Dome Petroleum  conducted t e s t  dredging  along the 

southwest coast, concentrating  mainly in areas near the mouths 

of the s t eepe r   r i ve r s  which empty into the Beaufort Sea. 

Posi t ioning on t he  dredge was l imi ted  to radar images of the 

shoreline supplemented by satel l i te   navigat ion.   During the 

program, 7 representative  samples were obtained at widely 

spaced  locations for subsequent laboratory  analysis of t h e i r  

g ra in  size d i s t r ibu t ion   cha rac t e r i s t i c s .  

During  the  following m.mmer, Dome conducted  additional 

exploration for granular material a t  one of the specific sites 

previously  ident i f ied.  A detailed geophysical program was 

conducted w i t h  a 100 m l i n e  spacing to del inea te   the  areas 

where p o t e n t i a l  borrow cutcropped at the seaf loor  or had only a 

minimum thickness of soft s u r f i c i a l  sediment coverr Based on 
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the  results of the echo sounder, side man sonar, 3.5 k H #  

subbottom profiler, N S W  mbtm boomer and Huntkc deep tow 
boomer data, a prospectlve area of Bane 2500 ha waa delineated. 

No geotechnical boreholes were available to calibrate the 

seismic  interpretation, but the data quality was uccellent and 

the  characteristic  seismic  signature of the gravel area warn 

evident enough that a reasonable degree of confidence could be 

placed i n  the  results. During the 1981 field Beason, further 

environmental studies were  conducted a t  the same site.  In 

addition to photographing the various  species of benthic fauna 

indigenous t o  the area, the environmental pxogram also recorded 

the bottom sediment type a t  12 specif5c  locations. These data 

were suf f  fcient  to permit production dredging of more than 

55 000 m3 of gravel from this borrow site during the 1982 

field season. 

Grain size analyses of samples recovered from the  test dredging 

in 1980 and the production dredging i n  1982 permit same 

assessment of the gradation  characteristics of the  gravel 

deposits. Drawing No. 5.5 shows a composite grain s i ze  cume 

from all available sources. Unlike acme of the other borrow 

prospects in the Beaufort Sea, the Banks Island depoBits 

contain a substantial amount of coarse  gravel. Cobbles and 

boulders up to 300 mm in diameter were found to be common a t  

some locations. Material of this size is difficult  to mine 

w i t h  a trailephopper  suction dredge,  because it may damage the 

dredge pumps and pipes and often clogs up the draghead (see 

Plate 5.1). 
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Plate 5.1 Boulders which lodged i n  draghead during 
dredging near Banks Island. Photographs 
courtesy of Dome Petroleum Limited.  
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Sandy areas a l s o  ex iu t  along the coast. TeBt  dredging has 

shown t h a t   t h e  boundary between gravelly and sandy areas is 
of ten  a sharp one, crea t ing  some qual i ty   aontxol  difficulties 

unless  the deposits can be mapped with some precieion prior t o  

exploi ta t ion.  

Recent quality assuxance  inspections have demonstrated that 

clayey materials may also exist near  the  seabed in some of 
these  g a v e l  prospects. There is considerable  speculation that 

the clay may be part of an  underlying  glacial  ti11 un i t ,  but 

insuff ic ient   information is avai lab le  to determine the g l a c i a l  

and  post-glacial   s t ra t igraphy of t h e  marine sediments with any 

certainty. 

I n  spits of these e f fo r t s ,   t he   g rave l   po ten t i a l  of Banks I s l a n d  

remains relatively  unexplored. No detailed (contoured) 

bathymetric  charts have been published for the southwest coast, 

but hydrographic information which is curren t ly   ava i lab le  

ind ica t e s  m a t  the seaf loor  drops off quite rapidly+ to about 

the 100 m isobath,  and then  continues at a mch. gent le r   s lope  

to greater depths.  Gravel has been i d e n t i f i e d  between t h e  6 

and 40 rn isobaths.  Production  dredging has been carried out 

betweam the 15 m and 20 m isobaths. 

Gravel has been confirmed a t  the seaf loor  at severa l   o ther  

areas along the coast,  estimated to have a combined area of 

approximately 1000 ha. Seismic information at one of these 

locat ions suggests that  the gravel deposit is probably 2 to 3 m 

*Slopes of 8 O  to 1 2 O  have been measured i n  some areas. 
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th ick  i n  mme places,  reeulting in a conservative volume 
estimate of 20 000 000 m3, of which only about 10% may 

actually be considered to be "proven" resemes. It is 
possible, however, that more than 50 000 000 m3 of gravel may 

exist at suitable depths for dredging along the wast  between 

Sac- Harbour and  Cape  Lambton. It is speculated that a 

similar volume of granular  material may also exist along the 

coast  north of Sachs  Harbour. A t  the present t i m e ,  the most 

promising area appears t o  be in the vicinity of Puck Hawk Bluff 

and t h e  adjacent sp i t  a t  Cape Hellet.  Since the seafloor i n  

the  lat ter area is somewhat f l a t t e r  than observed farther 

soUth,'the development of these potential  gravel resources may 

also be facilitated by superior dredging conditions. 

5.2 Other Potential Gravel Sources 

I n  addition to the  four sites described above, several  other  possible 

sites where gravel may be located a t  the seabed  have  been identified. 

Some of these sites have already been surveyed a t  a reconnaissance 

level, while others may presently be considered t o  be l i t t l e  more than 

geological  speculation. A l l  requixe substantially more exploration 

before any reliable estimate can be made of the  quality and quantity of 

gravel material which may be available  at the seabed. 

5.2.1 Yukon Coast West of Herschel Island 
""""-L""""ll~-~-~~"~"~~-~"~""" 

West of Herschel Island  the Yukon Coast i s  characterized by 

broad flood plains of the Malcolm and Firth Rivers. Two 

shall- seismic programs  have  been  conducted i n  this =ea. The 

first was carried out i n  1980 and formed part of Dome 

Petroleum's regional survey of the  continental  shelf. The 
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second,  conducted i n  1981 was part of a borrow search program 

ca r r i ed  out by Dome Petroleum a t  several   prospective s i t e o  i n  

t h e  Beaufort Sea. The 8 0  km of 8eiamj.c data which have been 

co l lec ted  i n  t h i s  area are somewhat d i f f i c u l t  to ln te rpxe t  

r e l i ab ly ,  a f a c t  which has been  confirmed by s i x  geotechnical 

boreholes d r i l l e d  on se l ec t ed  seismic anwnolies by Gulf Canada 

i n  1902. The combined geophysical/geotechnical evidence 

suggests   that   gravel  material may comprise a major component of 
severa l  narrow seaf loor  ridges which occur between the 17 and 

25 m isobaths  (Drawing No. 5 . 6 ) .  The number, or ientat ion,  and 

d i s t r ibu t ion  of these  r idges have  not  yet been determined, but 

it is speculated that  they may contain a combined volume of 

30 000 000 to 100 000 ,000 m3 of gravel at depths suitable for 

ext rac t ion  by trailer-.hopper  equipment now opera t ing   in  the 

Beaufort Sea. Since  only about 1 000 000 m3 of gravel may 

present ly  be cons idered   to   cons t i tu te  "proven"  resources, it i s  

evident   tha t   subs tan t ia l ly  more work must be car r ied  aut before 

the actual reserves can be estimated with an appropriate degree 

of confidence. 

On t h e  basis of several   regional  grab samples, P e l l e t i s r  (1975) 

mggests t h a t  gravel may be present a t  the seabed over a l a rge  

a rea  between the 50 m and 100 m iBobaths  northwest of Herschel 

Island.  This area may a l a o  be considered  progpective i f  and 

when hopper t ra i ler  dredges having  deep  water  capabilities 

becwne operat ional   in   the  Beaufort  Sea. 

The Yukon Coast east of Herschel  Island may alao bs considered 

prospect ive for gravel, although l i t t l e  information is 
present ly   ava i lab le   to   suppor t  this contention. From Kay Point 
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southeast  to Sabine Point, the seaf loor   s lopes  rapldly away 

from the   coas t l ine ,  providing a nary- band of isobaths for 
production &edging. While the  onshore coastal sediments 

described by Rampton ( 1982) do not   appear   to  be p a r t i c u l a r l y  

prospective as gravel sources, it is presumed tha t   bo th  the 

present   and  his tor ic  hydrodynamic  regimes  offshore may have 

been  conducive t o  the local  accumulation of any emall amounts 

of granular material which may have ex is ted  i n  th is  area. 

5.2.3 Kugmallit Channel 
""-"""l""-L"-~~"~~ 

Gravel  has  been  identified  in at least one borehole drilled by 
the  Geological Survey of Canada along the eastern  margin of 

Kugmallit Bay. Because the locat ion was j e t -d r i l l ed  from the 

winter ice, no samples were recovered for l abora tory   t es t ing  

and hence the precise gxadat ion  character is t ics  are present ly  

unknawn. Although this p a r t i c u l a r  gravel deposit occurs close 

to the  seabed and has been logged as being  several  metres 

th ick ,  the shallow  water  depth (4  m) at this p a r t i c u l a r  

locat ion may preclude its eventual  exploration and 

development. 

Further offshore there are two prospective areas within the 

Channel which do not  appear to have been tested with 

geoteehnical  boreholes. The f i r s t  of these a l s o  l ies along the 

eastern margin of the Channel,  where the bathymetry rises 

rapidly to the Tingmiark Plain. As Drawing No. 5.7 

demonstrates ,   d i f f ract ions  or iginat ing at or near the seabed 

occur frequently where the Channel margin is s teepes t ,  

euggesting that  cobble and boulder sieed material may e x i s t  at 
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the seafloor. Although it is possible that   such a f ea tu re  may 

p a r a l l e l  the edge of kht Kugmallit  Channel fox some distance 

i n  the north-south  ilirectione, it appears that the width of 
this potent ia l   g rave l  zone may be quite narrow (perhaps less 

than 100 m i n  some places).  T h i s  would make de ta i l ed  

exploration and  subsequent  development more d i f f i c u l t  to 

accomplish; however, the proximity of this prospect   to   several  

wel l -s i te   locat ions may j u s t i f y  the addi t iona l   explo i ta t ion  

ef f oft required. 

The second  prospective  location  within the Kugmallit Channel 

has a l s o  been ident i f ied   on ly  on a high  resolution shallow 

seismic  section. As Drawing No. 5.8 demonstrates, the 

cha rac t e r i s t i c   d i f f r ac t ive  seismic signature observed in what 

appears to be a submarine p a l e e i s l a n d  has b e n  in te rpre ted  as 

being due to the possible  presence of gravel-sized material. 

Since  only this single seismic p r o f i l e  exists in this area, and 

no geotechnical  boreholes  have been d r i l l e d  to confirm  the 

s t ra t igraphy,  the i n t e rp re t a t ion  offered must be considered 

samewhat speculative.  This ia espec ia l ly  true ifl view of the 

r a the r  poor geotechnical  and  geophysical  correlations  observed 

a t  some of the other (known) borrow sites on the cont inental  

shelf .   This   second  oi te   a lso lies i n  much deeper water than 

conventional hopper trailer dredges can present ly   access .   I f ,  

however, the prospect  can  ultimately be proven t o  contain 

several   mill ion  cubic metres of suitable granular material, 

then there is every  possibi l i ty   that   dredging  plants   capable  of 

developing  such a deep borraw site could be made available.  
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Extensive borrow searches  have  already  been conducted inshore 

of the 20 rn isobath  a long  the Tuk Peninsula, mainly for Esso 

Resources Canada Ltd.  While the vast  majority of boreholes 

have  encountered  only  fine t o  medium grained  sand  containing a 

t r a c e  to some silt, information from several  boreholes  suggests 

that deposits of sandy gravel 1 rn to 3 m th ick  may also occur 

(Drawing No. 5.9) Near Tuft   Point  there is s u f f i c i e n t  

borehole  information to confism that  the  seabed  gxavel  probably 

only occurs i n  a very  patchy  fashion or i n  longshore bars less 

than 100 m wide. Offshore from Tininerk Bay and Toker Point ,  

hwever,  the borehole  control is much less well developed and 

hence t h e  grave l   po ten t ia l  may be much greater. Of Beven 

regional boreholes drilled in these  latter areas, two 

encountered  gravel  near the seabed.  This  suggests that f u r t h e r  

borehole programs h o e d  on detailed bathymetric and/or 

ourrbottom geophysical  information may del inea te  more 

prospective areae'for gxavel development. 

Based on sur f ie ia l   geologica l  data along  the  coast l ine,  a shor t  

(20 km) marine  regional,  geophysical program was conducted  near 

t h e   B a i l l i e   I s l a n d s   i n  1981 to determine whether the p o t e n t i a l  

ex is ted  for development of gravel deposits in the offshore. 

Two l i n e s  were surveyed i n  water depths  ranging from 12 m to 

37 m. I n  ce r t a in  areas the i n t e rp re t e r s  noted 

*megaripples...and  sand waves" at the seaf loor  which they 

believed was evidence of the presence of coarse granular 
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material. A geotechnical f ie ld  program carried out by Dome 

Petroleum the following year was designed to evaluate the 

seabed material i n  these seismic anamolit~. ktt ice problems 
prevented the ident ica l   loca t ions  fran being resurveyed. Some 

samples recovered from the seafloor during the geotechnical 

program were found to be granular i n  nature, but most of the 

material consisted only of f i n e  to medium grained sand with 

some silt. Because of the sumeying di f f icu l t ies   no ted  rrbove, 

it appears that  the  offshore area near Baill ie Islands has not 

y e t  been evaluated at a level s u i t a b l e  for either confirming or 

denying i t s  gravel   potent ia l .  In view of its r e l a t i v e  

proximity t o  the eastern exploration sites i n  the Beaufort Sea, 

it may be worthwhile inves t iga t ing  th is  prospect in a more 

rigorous fashion i n  the future .  

6 e 0  DISCUSSION 

6.1 Current  Dredging  Capabilitiee 

The search for potential gravel borrow sources must consider both the 

development capab i l i t i e s  and the depth requirements of the dredges 

currently operating  in,  or planned, for the Canadian Beaufort Sea. 

Gravel prospects which Occur at loca t ions  remote from intended 

construction sites are developed most cost-effectively by u t i l i z i n g  the 

highly mobi le   t ra i le rhopFer  dredges. For optimum development , 
hcwever. the gravel  depooit  should  either outcrop directly at the 

seafloor or, less preferably, be covered with only a minimum thickness 

of overburden which could be s t r ipped  prior to exploi ta t ion.  Large 

gravel deposits which are buried  beneath a significant (say 3 m) 
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thickness of overburden may be developed by stat ionary  suct ion dredges, 

but   these dredges are b e e t   u t i l i z e d  only when the dump site Is within a 

short distance of the borrow p i t  (usual ly  1500 m or l e a s ) .  Ste t lonary  

dredges can a l s o  be u t i l i z e d   t o   a c c e s s  deep borrtw remote from a 

potent ia l   construct ion si te,  but the   addi t iona l   cos t s   requi red   for  

equipment  such as transport   barges and t ender   vesse ls   usua l ly   t r ip les  

the h r r w  development C O B t S ,  making the  process non-cost-effective (J. 

Beckman; 1983, pers. canrm.). 

While s a i l i n g  distance and  overburden cover are important  factors,   the 

depth  capabi l i t ies  of the dredges must a l s o  be considered.  Table 6.1 

lists severa l  dredges now opera t ing   in  the Beaufort  Sea and their depth 

l imi ta t ions ,  which of course are a l s o  dependent to sane  extent on the 

sea s t a t e  and the seabed morphology. Most of the h o p p e r t r a i l e r  

dredges  achieve optimum dredging rates somewhere between the 15 m and 

25 m isobaths,  and therefore borrow prospects i n  this depth  range  tend 

to be better invest igated  than those i n  greater or lesser water 

depths 

As noted  previously, the three  western borrow sites (Herschel  Island 

Sill, Iss igak and Xsserk) a l l  occur in   re la t ively  shal low  water . .  This 

makes them sanewhat d i f f i c u l t  to develop  with  large hopper dredges  such 

a5 the  Geopotes IX and X. Stationary  dredges such as the  Aquarius  and 

the  Beaver McKenzie, however, could e a s i l y  access these  shallow 

deposits,  although the cost of t ranspor t ing   the  brrow t o  a d i s t a n t  

dump site could  preclude their use for many construction  projects.  

I n  spite of the above, it is important   that   future   gravel   inventor ies  

not be r e s t r i c t e d  to the presumed  depth l imi t a t ions  presented herein. 

Even gravel  prospects which are poor  quality, or too  mall, or too  
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TABLE 6.1 

Capabilities of Beaufort Sea Dredges* 
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Vessel Minimum Working Maximum Working Maximum Draft 
Depth (m) Depth (m) (m) 

HOPPER DREDGES 

Iiendrik Zanen 

Geopotes X 

9.0 

11.0 

32 

35 

9.5 

12.0 

Geopotes IX 10 .o 40 10 .o 

Gateway 9 .o 30 10.6 

Cornelis Zanen 7.0 32 8.0 

STATIONARY DREDGES 

Aquarius (Cutter) 4.4 
(Suction) 4.4 

26 
70 

4.9 
4.9 

Mackenzie 4.0 45 4.0 

Information provided by Dome Petroleum, 1983 
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shallow t o  be developed  cost-effectively must be considered,  beeauae 

theee deposits may represent important  environmental  habitats. 

Moreover, future  technology will probably be aval lab lc  to acceas 

whatever  gravel xeBwrces are eventually  identified,   provided that 

these prospects can be developed in a cost-effect ive mannex. 

6.2 Factors Hampering t h e  Development of Granular Borrow i n  the  
Beaufort Sea 

UntYl very recent ly ,   the   search for granular borrow material in the 

Canadian  Beaufort  Sea has been hampered by two factors :  the lack of a 

xegional geologic framework from which to   conf ident ly  deduce 

prospective borraw locat ions,  and the  absence of an in tegra ted  

systematic  approach t o  borrcw exploration and  development. 

The first factor is now being dealt with by the Beaufort  Sea  Seabed 

Synthesis  Project,  a jo in t   indus t ry  - government study to  determine the 

s u r f i c i a l  geological conditions of the cant inental   shelf  and assess, i n  

a regional   sense,   their   engineer ing  implicat ions for future   resource 

development. While the  'geological  concepts which  evolved  during the 

synthesis  have  played an important part i n  developing  exploration 

programs for sand hrrcw, they have not y e t  advanced t o  a p o i n t  which 

permits the i den t i f i ca t ion  of all potential s a v e l  souxces. 

The importance of the second  factor  is only now being  appreciated. 

Examination of propr ie ta ry  data provided by the   th ree  major petroleum 

opera tors   ind ica tes   tha t  their borrow exploration programs  have 

sometimes been  independently carried out a t  virtually the same 

geographic locat5ons. In tegra t ion  of this proprietary information 
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conducted during the  present study suggests that these independent data 

bases often complement  each other#- and together provide a superior 

baais for evaluating  the borrow source #an each of thi Individual data 

bases provides alone. To maximize the  cost-effectiveness of future 

granular borrow exploration, it may be worthwhile for the major 

operators to s e l l  or trade their barrow information at locations of 
mutual interest. Future studies could be planned on a participating 

basis BO that overlap and duplication of effort no longer occurs. 

I'  
I' 
fi I 

I' 

li 
i 

6.3 Information Deficiencies 

The location of gravel borrow sources is most e a s i l y  accomplished when 

the following  information is available: regional geophysical/ 

geological  control,  detailed bathymetry, geotechnical boreholes and 

t es t  dredging results. When a l l  of these  are  available Over the same 

si te ,  the reliabil i ty of the borrow evaluation i s  extremely high. When 

only some axe available, or they are a l l  available but only over 

restricted portions of the site, euch reliabil i ty is reduced 

accordingly. 

While all of the known gravel s i tes  already have a substantial amount' 

of information available, each suffers fram a lack of information i n  

certain  areas. 

The Herschel Island gravel. prospect  requires a significantly more 

comprehensive  and detailed bathymetric aurvey to define the precise 

locations of the borrow. Geotechnical boreholes are required t o  verify 

the  quality and thickness of the surficial gravel layer, especially i n  
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areas where water depths may make development by hopper-trailer dredges 

f eaeible. 

Detailed bathymetry a t  the  Issigak borrow site has already been car r ied  

out  by ESBO ResoUrce8, but additional  boreholes are also needed 

throughout the south  half of the prospect to  confirm the nature of the 

borrow material  and its thickness. 

Gravel  has been located a t  I sserk  in only a f e w  of t he  many b r e h o l e s  

a l reaay  dr i l led.   Since  the majority of this gravel appears t o  be 

located  near the edge of the current  pit ,  it may be necessary t o  carxy 

out fu r the r  detailed bathymetric mapping of the  prospect and drill 

addi t ional  boreholes before the true extent of the gravel reserves is 

known. 

Only a paucity of groundtruth  information  presently exiatls at Banks  

Island. While this has been s u f f i c i e n t  in t h e  past for obtaining the 

small quant i t ies  of gravel necessary for protect ion o€ aubsea berms at 

exploration  island sites, continued development of the  gravel would be 

f a c i l i t a t e d   i f  I systematic  inventory of the qaaU&y add quantity of 

the  available  resources was to be undertaken. Sane deta i led  

geophysical work has already been  conducted near Rufus River, but no 
geotechnical  boreholes  have  been drilled to  confirm the  thickness of 

the deposit. Moreover, it i s  possible that there may be other borrow 

sites along the  southwest coast which could provide superior gravel 

material and somewhat easier dredging  conditions, these include some 

talus deposits  along the shorel ine which  might be developed as a source 

of amour stone (5.8. Vincent, 1983; pers. comrm. with S.M. Blasco). 

To del ineate   these  locat ions,  a de ta i led  coastal bathymetric and 

shallow subsurface  geophysical  survey is required,  supplemented by 

geotechnical boreholes on the most promising  anomolies. 
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A l l  of the  other  proslpective sites s u f f e r  from t he  &ame information 

deficiencies.  A deta i led  bathymetric and  shallow Bubbottam survey 

f o l l w e d  up by addi t iona l  geotechnical d r i l l i n g  ita necessary t o  prove 

up potent ia l   gravel   reserves   both west and east of Herschel  Island. 

Addi t iona l   f ie ld  work is also necessary 0x1 the geophysical  anornolies 

i den t i f i ed  i n  Kugmallit  Channel,  but this should be confined  to  a 

couple of geotechnical   boreholes   dr i l led to test the o r ig in  of t he  

observed eeismic signatures,  and  should  not be undertaken  without f irst  

briefly reviewing  the  available  geophysical data t o  select t h e  most 

appropriate  locations.  Detailed bathymetric  studies may be t h e  key to 

development of p o t e n t i a l  gravel resources  along the Tuk Peninsula. 

Correlation of positive bathymetric  features with the  geotechnical 

borehole  data already avai lable  may provide the necessary  background to 

undertake the more detai led  s tudies   required a t  s p e c i f i c  locations. 

6.4 Resources  and  Requirements 

The  development of future   gravel  management po l i c i e s  will depend, to a 

large  extent ,  on the   r e l a t ionsh ip  between offshore  construct ion 

requirements,  the volume of available  granular  xesaurces.   and  the 

nature .and s e n s i t i v i t y  of unique environmental hahitats which may be 

associated with the gravel  deposits.  Consideration of the lat ter 

f ac to r  is c lea r ly  beyond the  scope of the  present  study. The other two 

f ac to r s  can be addressed  only a t  the l e v e l  to which they are present ly  

understood. 

Table 6.2 presents  a summary of the gravel  resources in t h e  Canadian 

Beaufort  Sea as they are described i n  this report. According t o   t h e  

table .  a t o t a l  of 25 000 000 m3 of g a v e l  can be considered as proven 
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TABLE 6.2 

Volume of Gravel at Known Barraw Sources 

Herschel 
X s land 
Sill 

Iaeigak 

Isserk 

Banks 
Island 

Others 

mTAL 

Proven 

10 

10 

2 

2 

1 

25 

vmum 
(m3 x 106) 

Probable 

* 

50 

15 

10 

20 

30 

125 

Possible 

20 0 

40 

14 

100 

100 

454 

DISTANCE To WELLSITES 

Tareiut 

100 

25 

75 

50 0 

(km 
Xssigak 

180 

75 

20 

420 

" 

Wvi luk 

260 

150 

90 

340 
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reservesI  with most of this being located in the two known deposits at 

Herschel  Ieland  and Xssigak. 8ince the   present   Inventor ies  a t  most of 
the four known borrow sites have been far fran exhau~ t ive ,  

subs tan t ia l ly  greater volumes of gravel may ult imately be shown to 

e x i s t  a t  these sites. Due to the   l imi ted  thickness of t h e  deposits, 

however, less than one half  of the total  in rsitu volume should be 

considered exploi table  fox construction  purposes. 

Conservative estimates provided by the petroleum operators suggest   that  

the  the  projected  future  gravel requirements for exploration island8 is 

not l ikely t o  exceed 500 000 m3/a for the   next   aeveral   years  

(D. Mitchell1 1983, pers. c-.) and may actual ly  be much less than 
t h i s  amount. Total granular borrow for production purposes h a  

estimated %n the EIS to be approximately 700 000 000 m3 (S.M. Blasco, 

1983 pers. com. ) , of which perhaps 5% (35 000  000 m3) would be 

gravel (W. Livingstons; 1983, pers. comm. 1. It therefore  appears t h a t  

proven  exploitable reserves* cons t i t u t e  less than one third of the 

ant ic ipated to ta l  long-tenn  qravel  requirements  for  production of 

of f shore   f ac i l i t i e s .  ft i s  apparent, however, t h a t  more exploration a t  

t h e  four knawn borrow sitee would probably be adequate  -.prove up the 

additional  exploitable  reserves  required.  

Furthermore, it is possible t h a t   t h e  reserves discovered t o  date 

represent only a small   portion of the total  gravel  resources  available 

i n   t h e  Canadian  Beaufort Sea. The adoption of a comprehensive, 

systematic  exploration approach may lead t o  the ident i f ica t ion  of other 

gravel deposits in   t he   cen txa l  areas of the shelf   nearer  those 

locations where future production facilities  are more l i k e l y  to be 

constructed. 

*Calculated as 500 of the "proven reserves". 
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605 Options for Future Studies 

Page 45 

If the inventory presented in this report is deemed to be s u f f i c i e n t  

for DfAND's present  pufposes,  then DIAM) may consider  adopting a purely 

monitoring  approach by l e t t i n g  the major petroleum operators develop 

t h e i r   w n   i n v e n t o r i e s  as their gravel  requirements dictate. T h i s  

option has the advantage of being the least expensive  approach for 

DIAM) , but may create some d i f f i c u l t i e s  i n  managing t h e  resources i n  

both the   short   and long-term. On the other  hand, it mst be recognized 

that up to now t h e  petroleum operators have been able t o  explore for 
and  develop  significant  quantit ies  of  sand boxrow on an  independent 

basis. Over the long-term, they may also be able to do likewise  with 

gravel. 

If a more defini t ive  inventory of offshore  gravel  resources  than 

presented here is required by DIAND, then  addi t ional   explorat ion work 

w i l l  have t o  be conducted.  There are several  approaches  which DIAM) 

may take to  ensure  preparation of such an expanded inventory: 

Option 1 - Adopt a g ~ s l o w  approach by conUucting . limited but 

systematic  independent  exploration fox gravel during the 

next four or five years. 

Option 2 - Undertake an  accelexated  Independent study on a regional 

basis to es tab l i sh   suf f ic ien t  gravel reserves to meet a l l  of 

DIAND's immediate management and policy  requirements. 

Option 3 - Develop either a moderate or major exploration program 

jointly with the principal   Beaufort  Sea petroleum operators 

t o  ensu re   t ha t   su f f i c i en t  gravel borruw reserves are 

available t o  meet DXAND'B projected long-term  needs, and 
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in 80 doing,  prepare a mutually  agreeable managunent plan 

for t h e i r  development. 

Each of these options i s  discussed i n  more d e t a i l  below: 

Option 1 offers ~ome distinct  advantages,   because  future  gravel etudies 
could be ca r r i ed   ou t  in conjunction with other regional   offshore 

programs being conducted by f ede ra l  government agencies  such as t he  

Canadian  Hydrographic Service and the Geological Survey of Canada. 

Moreover, it is l i k e l y  tha t   the   geologica l  -factors which control  the 

present   d i s t r ibu t ion  of gravel deposits w i l l  eventually be more f u l l y  

understood  through  these  associated  studies. Coordination of DIAND 'B 

gravel  searches  with the ongoing offshore  s tudiea being carried out by 

other agencies may requi re   f inanc ia l  support of approximately $200 000 

to $500 000 Per annum. I f  such a program were continued for each of 

the  next  3 to 5 years, this would probably be an  adequate  level of 

e f f o r t  to define  and  groundtruth  sufficient  gravel  resources to meet 

most of both DIAND ' 6  and the pctrolfmm industry's l o n y t e r m  

requirements. 

If DIAND ' 8  needs are perceived a8 k i n g  more immediate, then  Option 2 

may be considered. A typical regional   search to explore for   g rave l  

might  include a l l  or most of t h e  components l i s t e d   i n   T a b l e  6.3. The 

first year ' s  program lg designed to locate prospective  areas,  determine 

their   bathymetr ic  and subsurface character by geophysical methods, and 

groundtruth the quant i ty  and qua l i ty  of the  gravel  resources  present.  

As the table shows, the t o t a l  comt of such a program may exceed 

$2 000 000. Based on t h e   r e s u l t s  of this initial  program, follow-up 

f i e l d  and o f f i ce   s tud ie s  to d e t a i l  specific prospects and provide more 

defini t ive  geotechnical   propert ies   might   a lso be required. Costs f o r  
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m E N T  

Pro1 lmlnsry 
Plannlng 

F le1 d Survey 

c 

" 

- 
Interpretatla 

Fol IOW-UP 
Stud I e 

TABLE 6.3 

Accelerated Regional Gravel  inventory 

DESCRIPTION 

Offlce  study  to wnpIls regional  geophysI~lIgeotechnlca1 
Inforrnatlon  already  avallabls and select prospectlw  areas 
requlrlng m e  lnforlwtion 

Regtonal geophysfcaI/geotechnIcaI program from a vessel 
such as  the Arctlc Sounder. 

Cecrphysl-I gear to Include  preclslon fathmeter for deb- 
tal l e d  bathymetry,  rub-bottcm  prof I ler to determine  thlck- 
ness of recent mrlno sllty  clays  (overburden), I hlgh 
resolution shallow selrmlc devlce sueh as  the EG L G 
Un I b m ,  to provl  de  deta I led  strat  lgraphy In the wper 
30 m, and  perhaps a rmll alrgun  for geologlc and perm- 
frost napping to 65 m beneath the seabed. A side sari 
sonar to  provide  lateral coverage of the seabed w w l d  
also be reconummded. 

Geotechniesl  equipment  should  include a shallow grab 
sanpllng  devlce for rapid  testlng of the  nature  of  the 
seabed sollr and a vlbrawe r i g  to -firm the thickness 
of any  gravel  prospects  lotstsd.  Onboard  laboratory 
fscllltles  for  graln slze determinations cm selected 
s a n p l e s  w w l d  be recommended.  Cost  mstlmate assums a 
mlnlmum 60-day  -tract  st 125 OOO/day for the VBSSOI, 
personnel  and a11 gecphysfeaI/geotechnttsI pnr. 

Canpilatlon, analyses and  Interpretation  of the field 
data to  evaluate the prlncipal gravel bwrar sources 
loented durlng the  fleld program. Determine the qwn- 
t l t y  and puallty of gravol located In aach deposit. 
Assess the  need  for  follow-up  studles  at  speciflc loca- 
tions. Provide recomnendatlons  for usage of the  resources 

To be detemfnod the basls of fwegolng results  and 
recomnendations.  Additlonal  field progranrs and  Interpre- 
tation my h required, but a wmewhat louer total  level 
of effort Is antlclpated. 

T I W A B L E  

May-June 
1st  year 

JU I y-Sqt 
1st year 

Oct-March 
1st year 

Ju I y-krcl 
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MIST 

I 40 OOO 

1 1 m O O o -  
2 000 M10 

=Y 
$1 OOO 000 

to 
2 000 000 
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these subsequent  poasible  studies are extremely uncertain,   but a budget 

of perhaps $1 000 000 to $2 000  000 can be used for preliminary 

planning purposes. 

Option 3, the joint   venture  approach  with  the three major petroleum 

operators, i s  t heo re t i ca l ly   a t t r ac t ive ,  but is a l s o   l i k e l y   t o  be 

somewhat difficult t o  accomplish from a pract ical   s tandpoint .  There 

are two reasons  for  this d i f f i cu l ty ,  as discussed below: 

The f i r s t ,  and in Qur opinion  the most important, is t h a t  the fu tu re  

gravel  requirunents of the th ree  major operators,  as Indicated to 

M. J. O'Connor C Associates Ltd. during  the  present  study, are largely 

undefined.  Historically there has been l i t t l e  gravel  required for 

exploration islands. Esso Resources, whose acreage is pr imar i ly   i n  

shallow water, has in the   recent  past developed negl ig ib le  volumes. 

Even Dome and Gulf whose acreages  both l i e  in somewhat deeper water, 

have only requi red   re la t ive ly  emall volumtes to date. To a l a rge  

extent,  the projected gravel requirements of each of the  operators w i l l  

be dependent on the   type  of product ion  faci l i t ies   ul t imately  adopted 

and the  water depth i n  which  such  structures are s i tuated. .  

Since various conceptual designs for these f a c i l i t i e s  axe  currently 

being considered, it is diff ieult for the operators to provide a 

r e l i a b l e  estimate of the to ta l   g rave l   resources  which  they may 

eventually require. Thus the   uncer ta in t ies  i n  each of the operators'  

needs may make t he  task of conducting  future  gravel  search  programs on 

a jo in t  basis with a l l  three petroleum companies somewhat d i f f i c u l t  to 

achieve,  unless some reasonable  system is developed to share   the costs 
and the benefita of such joint  venture programs with the operators i n  

an  equitable manner. 
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The eecond  problua with t h e  jo int  venture approach arlsee due to the 
anticipated  funding level. If a major regional  gravel  search program 

can be funded by DIAND and the three petroleum operators each providing 

$500 000, then the $2 000 000 total  budget would be cluffieient t o  
conduet a similar program to khat mhawn io Table 6.3. If, on the other 

hand, $500 000 for gravel exploration ia provided by DIAND, then 

it might be necessary to   cons ider  a tag-on type of program, where DIAM) 

would pay for a certain number of days use of equipment already 

contracted for exploration work i n  the  Beaufort Sea. Since most of the 

. geophysical or geotechnlcal  surveys  conducted by the petroleum  industry 

are curxently  costing  approximately in the order of $50 O O O / d a y ,  it may 

be assumed for present purposes t h a t  at least 10 days of ship's t i m e  

would be avai lab le  for such a gravel  search*. Wdle t h i s  type of 

program of fe r s  same cost savings i n  terms of t he  total contract  pxice, 

it also includes some built-in  disadvantages. For one thing, t h e  

tag-on program assumeB bo th   t ha t   t he  major  petroleum operators are 

going t o  be undertaking a geophysical/geotechnical program, and that 

they w i l l  have sane uncommitted vessel  t i m e  avai lab le  for use by DfAND. 
While scheduling  aspects and d o w r r t i m e  costs can probably be worked out 

with the other jo int  operators  prior t o  mobll i ta t ion,  DfAMl must 

recognize that the  typikal   inauotry f ie ld programs generally Anelude 

subs tan t ia l ly  more equipment than is necessary to  undertake a gravel 

search, and thus part of the dai ly  costs funded ky DIAND may go towards 
providing unnecessary auxiliary equipment and personnel. 
Alternat ively,  it has been  ouggested  that  damobilization of some of 

this ancilliary equipment may be undertaken p r i o r  to embarking on the 

gravel search. It is doubtful  whether much demobilzation could be 

undertaken i n  a cost-effect ive mannex except near the end of the f i e l d  

season, when the other operators programs had been capleted. Although 

*Dawn-time due t o  weather, ice and equipment problems may decrease the 
ac tua l  productive ship's time by 509. 
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the  author  coneiders  the j o i n t  venture  approach t o  be preferable  t o  the 

tag-on programr t he  lat ter i a  e t i l l  considered to be I viable option 
fox future  gravel  searches,   especially if DIAND recognizes that  carefu l  

planning  and  coordination  with  the  operators'  programs would be 
required to complete such field s tudiee i n  a cost-effective manner. 

I t  is evident   that  each of the various options noted above caxries with 

it important  implications  regarding  both  the timing and the budget 

which  would be required for the preparation of a more comprehensive 

gravel  inventory  than is presented  here.   Integration of the 

propriatnry  gravel  information bas, howeverr provided an important 

perspective from which t o  assess DIAND's future gravel management 

objectives. On the  basis of t h i s  studyr and in   cons idera t ion  of the  

options  outl ined above, it is possible to  recommend a course of act ion 

to DIAM) which may f u l f i l l   t h e i r  long-term management requirements on a 

cost-effective basis. 

6.6 Significance of the  Present  Study 

The present  study has provided  important  regional  documentation of the 

distribution of gravel   remurces  in the Canadian Beaufort Sea.  Because 

of the  redundancy i n  sme of the   indus t ry  mrplaration programs, it has 
a l s o  been possible  during  the  study t o  assess object ively the 

r e l i a b i l i t y  of the information  provided. T h i s  redundancy has 

demonstrated, for instance,   that:  

1. Geophysical  studiesr by themselves, are of l imited use i n  

distinguishing  gravel from sand or hard clay at most borrow 

ai tea 
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2. Borehole infomation by i tsel f  cannot be considered totally 

reliable as a means of evaluating a prospective borrow 

source'e gravel potential. 

3. Crab sampling and t e s t  dredging wi th  & hopper-trailer 

dredge may underestimate the total  erxtent of a  gravel 

source where the margins of the deposit  are covered with a 

thin blanket of xecent marine clay. 

Yet by integrating  the data available from all geophysical, 

geotechnical, dredging and environmental sources, it has been possible 

to establish gome geological parameters which might be considered 

characteristic of other,  yet  unidentified  gravel  deposits. The moet 

important of these is the fact  that almoet all gravel  deposits examined 

are  located on subtle bathymetric bigha. These highs cannot be 

reliably  Identified on the  natural resource serirs bathymetric maps, 

partly &e to the 2 m contour interval used in preparing the maps. It 

I s  possible, however, that such  anomolies could be identified on the 

original hydrographic records and the unpublished f i e l d  sheets prepared 

by the Canadian  Hydrographic Service,  especially i f  computer aided 

techniques were utilized to  eliminate  the  regional trend surfaces. Of 

lesser importance is the  fact  that most  of the known gravel deposits 

have been found between the 8 m and 14 m isobaths. ft has been 

speculated that this bathymetric control. arises due t o  the historical 

geology of the area: sea level rise has slowed considerably i n  the 

past 5000 years,  increasing the time that  these  particular eediments 
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may have exis ted  in   nearshore,  Ugh energy environments s u i t a b l e  for 

the  production of lag deposits comprised primarily of cqarset grained 

materials. Systematic  Investigation of the  seabed morphology and 

bathymetry may therefore   provide  the most cost-effective method of 

obtaining a more extensive inventory of gravel resources in the 

Canadian Beauf O r t  Sea. 

6.7 Proposed  Strategy for Future  Studies  

It is recommended that DfAMl combine t h e  most favourable   a t t r ibutes  of 

options 1 and 3 listed above, by undertaking small-scale systematic 

s tud ies  (option 1) on a regional basis. Wherever possible, these 

ahould be conducted e i t h e r  in conjunction with, or in cooperation with 

r e l a t ed  seabed studies being carried wt by t h e  major petroleum 

petroleum operators. This  approach would involve close l iason  with the 
operators to determine the nature and extent  of their ongoing programs, 

but   could  provide  s ignif icant   f inancial  benefits whenever log ie t i c s ,  

support costs, and/or the  information  collected could be shared. 

As a first step i n  these fur ther   a tudies ,  it is recamended  that DlAND 

inves t iga te  the re la t ionship  between seabed  morphology/bathpw  and 

t h e  distribution of gravel resources in the Canadian Beaufort Sea. The 

study should involve  examination of the original  bathymetric records 

and hydrographic f i e l d  sheets ava i lab le  from both government and 

industry  sources t o  determine: 

1. the characteristic morphology and acoustic signature of the 

bathymetric  ananolies at known gravel borrow sources# 

c 
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2. the re la t ionship  of these  bathymetric anornolies t o  t he  

regional  eurfieial geology of t h e  continental shelf  as 
curren t ly  being established  through  the  Bbaufort  Sea 

Syntheeio Projects t  

3. the   loca t ion  of other  positive bathymetric  anomolies on the 

shelf  t 

4. the corre la t ion  between the  acoustic  signatures  observed at 

each of the anomolies and the character of t he   acous t i c  

s ignature   noted  in  ( 1  1 above. 

It  is ant ic ipa ted  that such a study  might take perhaps s ix  months and a 

budget of $180 000 to $200 000 to complete, depending on the computing 

costs. The f i n a l   r e p o r t  would recommend specific  anamolies  requiring 

additional  geophysical  and/or  geotechnical  evaluation to be undertaken 

during subsequent   f ie ld  seasons as budgetary  provision penaitted. 

Xn a subsequent  year,  fox  instance, when only $300 000 i n   a d d i t i o n a l  
funds were ava i lab le  for f i e l d  studies, then this could be w e d  to 

acquire severa l  days sh ip  t i m e  on either a geophysical or geotechnieal 

Vessel already Contracted to One of the petroleum  operators. Under 

such  conditions the exploration would undoubtedly be cons t ra ined   to  the 

equipment already on board, and would probably be llmited by the  t i m e  

avai lab le  for a brief eurvey a t  one specific site. 

If, however, $500 000 to $600 000 was made avai lable  fox a s ing le  f ie ld 

Beason, then the recommended approach would + b e  somewhat d i f fe ren t :  

There are several prospective areas a l ready   ident i f ied  where a small 

veslael  and auxi l iary  high speed launch   cwld  acquire s u f f i c i e n t  

m. 1. O’COIIIIOR d CISSOCIITEI 1TD. 
W 
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bathymetric, geophysical and  geotechnical information t o  de l inea te  

gravel  sources w i t h  a reasonable  degree of precision.  AddAtional areas 

w o u l d  be determined during t h e   i n i t i a l   o f f i c e  studies auggested above. 
Using similar equipment t o  that   conflguted in Table 6.4, it wwld be 

poss ib le  to conduct a comprehensive  gravel  search at severa l   a reas  

proximate t o  one another  during a 45-day program. small vessels  such 

as the one shawn in the   table   can only operate  within a fixed  distance 

of the shorel ine,   but   this  would not  appear to be a problem for some of 

t h e .  more prospective  ureas already ident i f ied.   Al ternat ively,  a 

s l i g h t l y  larger vessel  such as t h e  M. V. Norweta could be used for ' the 

Burvey, i f  a short   contract   could be arranged. 

Operation from the lat ter vessel could be conducted on a 24 hours/day 

basis, and t h i s  might   actual ly   increaae  the  total   quant i ty  of data 

col lected,  even considering the shor t e r  t i m e  frame. 

Adoption of the systematic  approach  suggested here w o u l d  probably  delay 

commencement of the f i r s t   f i e l d  program until at least the summer of 

1984, but there is  eve ry   poss ib i l i t y   t ha t  the r e s u l t s  of the study 

might  subsequently  save  substantial   expenditures by l imi t ing  future 

exploration programs to spec i f i c  sites within those general areas which 

appear to o f f e r  maximum opportunity for success. A t  the m o m e n t  these 

general areas inc lude   the  Yukon coast (both west and east of Herschel 

Island and along the sill i t s e l f ) ,  the coa8t of the Tuk Peninsula, and 

the  southwest coast of Banks Island. More impor tan t ly ,   the   in i t ia l  

o f f i ce   s tud ie s  recommended here may ident i fy   addi t iona l  gravel 

prospects i n  the central areas of the cont inental   shelf .   Future   f ie ld  

studies  could then be conducted on u priority basis considering the 

proximity of these  proepects   to   potent ia l   product ion sites sucn as 
Tars iu t ,  Kopanoar and Iasigak. 
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SURVEY VESSEL 
Small craft and high speed launch and 

' zodiac 

EgUIPMENT 
includes precision echo sounder, sub 
bottam profiler, boomer, aide Bcan 
sonax, portable W i n k  vibracore, tide 
gauge, positioning system 

PERSONNEL 
€or surveying, sampling and reducing 
f i e l d  data 

SUPPORT CHARGES 
including consumables, flying time and 
fuel 

MOB/bEMOB Ta INUVIK 
depends on location of a suitable vessel 

Date reduction, laboratory analysis 
and report  preparation 

TOTAL PROGRAM COST 

D A E Y  RATE 

8 1 000 to $ 3 000. 

$ 2 500. 

$ 3 000. 

say $300. 

$ 10 000 to $ 60 000. 
. .. . 

$316 000 to $456 0 0 0 .  

$120 000 to $140 000 w 

$426 000 to $596 000- 
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On the basis of the information examined during the present  etudy, It 

may be concluded that: 

1. Over the  next three to five years,  the three major  petroleum 

operators  together w i l l  not probably require more than about 

500 000 m3 of gravel per year fox their presently an t ic ipa ted  

exploration-related  construction projects. Their combined 

short-term requirements are therefore very modest and can be 

easily m e t  by the present "proven" resources. 

2. The design of offshore production facil i t ies is presently  only 

l a  the  conceptual phase, and hence the long-tenn  gravel 

requirements of the petroleum  industry are much more d i f f i c u l t  

to ident i fy .  According to the j o i n t  Environmental Impact 

Assessment, the to t a l   quan t i ty  of granular borrow required is 

n o t   l i k e l y  to exceed 700 000 000 m3. It ie speculated that 

perhaps 5% (35 000 000 m3) of these requirements could be 

for gravel. More detailed  information on the. quant i ty  and 

quality of gravel required for specific applications  cannot be 

provided u n t i l  the conceptual plans for offshore  production 

f a c i l i t i e s  are more firmly developed. 

3 .  Four known gravel borrow sources have alxeady been identified 

in the Canadian Beaufort Sea by t h e  petroleum operators. A 

t o t a l  of 95 000 000 m3 of gravel appear to be present near 

the seabed a t  Herschel  Island, fssigak, XBserk and Banks 

Island. While less than 25% of this volume may be considered 
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to  be "proven" reserves, additional studies may eventually 

confirm that perhaps as much d~ three times MIS volume exists 

at these locations. 

N o t  a l l  of this gravel is easily exploitable. Water depths st 
Herschel  Island, fssigak and Isserk are too shallow to permit 

ready access by the larger trai lerhopper dredges currently 

operating in the  Beaufort Seb Moreover, a l l  the deposits 

appear to  be a maximum of only a few metres thick  near their 

celitre. T h i s  l a t t er  consideration may reduce the mineable 

volume to perhaps 40% or 509 of the total gravel volume i n  

situ. 

Because of the apparent uncertainties i n  both reserves and 

requirements, it is not known whether the gravel resources 
already identif ied w i l l  be of sufficient  quantity to meet the 

long-term offshore requirements of both DIAND and the petroleum 

industry. 

XnfOrwttiOn examined during the present study suggests, 

however, tha t  further  studies may eventually  prove up 

additional  gxavel resemes, not only at borrow sites which have 

already been identif ied,  but at other sites which may be closer 

t o  the future production f a c i l i t i e s .  

It is our opinion that  DXAND can prepare an e f f ec t ive  

management plan which meets the  needs of a l l  petroleum 

operators i n  the Beaufort Sea only by developing close 

cooperation  with  the operators themselves. Future gravel 

studies undertaken by DIAND should attempt to u t i l i z e  the 
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coneiderable expertise and experience  available  within  both the 

L 

major petroleum companies and the Geological Survey of Canada. 
Continued cooperation w i l l  e s t a b l i s h  mutual  confidence  and 

c r e d i b i l i t y  among a l l  thoee Involved  in  the studies.  

8.0 RECOMMENDATIONS 

1. It I s  recanmended that  DIAND undertake a eystematic approach to 

t h e   d e v e l o p e n t  of a more comprehensive  regional  gravel 

inventory i n  the Canadian  Beaufort Sea. 

2. As a f i r s t  step i n  preparing this expanded inventory, It is 
recornmended that the  available  hydrographic and subbottom 

geophysical data be correlated  with known borrow sources to 

identify the part icular   geophysical  and morphological 

parameters unique to gravel deposi ts  in the Beaufort Sea. 

Using  these parameters, the atudy should examine or ig ina l  

hydrographic  information  available from t he  Canadian 

Hydrographic Service to determine other possible loca t ions  

where  gravel deposits may be located. 

3. Following this study, It i s  recommended t h a t   a d d i t i o n a l   f i e l d  

programs be undertaken to   g roundt ru th   po ten t ia l  anornolies 

developed i n  (Y2) above and provide addi t ional  bathymetric and 

geophysical information in prospective areas where the 

information presently avai lab le  is deemed to be inadequate. 

b 
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4. It i r  recommended that a l l  future studies be condu-cted i n  full 
, cooperation with both the petrolcum operators and the 

Geological Survey of Canada, so that DXAND can benefit  from the 
expertise and proprietary information already  available i n  

these two 80uxCe8, and be kept abreast of ongoing developments 

which impact the demand fox future gxavel utplo i tat ion in the 

Canadian Beaufort $ea . 

Respectfully submitted, 

OCIATES LTD. 

- 
ng. P. Geoph. 

MJO/keh 
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