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i. . INTRODUCTION
1.1 ieneral

Arctlic development -has perpetually been hampered by a lack of sultable unfrozen
earth construction materials. Imperial 0i1 Engineers have been experimenting

- for more than a year with a large suction dredge which is capable of excavating

non permafrost underwater soils and_deposltlpg them on land. In:antICIpatlbn
of utllizing the dredge during the 1973 summer season for construction of

- onshore facilities, an inve%tlgation of bay bottom materials present in the

Tuktoyaktuk.area has been carrled out. Numerous exploratory holes were drilled
from the fce along the east side of Tuktoyaktuk harbour near the |0L base camp

to differentlate suitable construction materials. In addition, offshore

borrow resources in the bay adjacent to Tuktoyaktuk settlement have been assessed.

The possibility of utilizing the dredged bay bottom material for construction
of an a!rstrlp'to service the Imperial 0il1 base camp at Tuktoyaktuk [s also

“under conslderatlon. The proposed strip must be capable of accommodating
" Hercules and Electra type aircrafts for which minimum requirements would be

6000 feet In length and 200 feet In width. Three alternative sites have been
selected by Imperial 011 engineers and a fleld drilling program has been carried
out at one of these sites. The findings of the airﬁtrlp investigation are
presented In Section lil of the report and some preliminary design requirements
are discussed in Section IV, '

This investigation and report was requested by Mr. J. J. A. deJdng of Imperial.
011 Limited, Frontier Planning Group and authorization was issued by service

.order No. 13597179 on April 13, 1973

1.2 Construction Techniques

The béy bottom materials are to be retreived by the suction dredge and stock-
plled on the land surface. Dredging rate is belléved to be in the order of
500 cubic yards of sol lds per hour which is dlscharged through a pipe 24 inches
in diameter. Solid material comprises only about 15% of the total discharged

EW.Brooker & Associates Ltd.
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volume, thus a large'water-flow from the stockpile back to the bay must be
contended with. After excess water has drained from the dredged soil, It will
be loaded and trucked to the alirstrip or other site for grade construction

—

purposes.

In some Instances the dredged material may be deposited directly where fill Is
required. This technique Is adequate for infllllng lakes or other depressions

where natural lateral confinement Is provided. It Is proposed to use this
technique for reclaiming the area within Tuktoyaktuk settlement which is
currently occupied by the lake (Drawing A-1).

The most sultable soll for construction purposes,_ut!llzlng this scheme, is

sand. Previous study by Brooker § Assoclates for Imperial Qi1 Ltd. on behavior _

of dredged silt has shown that poor drainage characteristics can lead to '

development of significant pore pressures within the deposition mound which

may .result in serfous Instabllity problems. Thus, the construction materlial
-must be reasonably free draining. - On the other hand, previous experience has

shown that dredging of gravel sized materfal Is a very inefficient operation.

1.3 Scope

The scope of this Investigation consisted of the following:

a. Evaluation of potentlial sources of offshore borrow material suitable

for constructlion purposes, with particular reference to the proposed
alrstrip. ‘ ,
b. Evaluation of potentlial offshore borraw material for lake lnfilling

at Tuktoyaktuk settlement

c. Preliminary evaluation of subsurface conditions at three alternative
alrstrip sites selected by I10L engineers. Only one site was drilled,
however, due to lake of time created by Impending spring breakup.

d. Evaluation of the data to determlﬁe technical feasibility and material
quantities required for preliminary design of an alrstrip at the
location investigated.

EW.Brooker & Associates Ltd.
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Other factors, which are assoclated with the proposed construction scheme but
have not been considered are:

a. Evaluation of possible stockpile areas .for dredged material.

b. Hydrological and geothermal aspects of underwater excavatlion and
water discharge on the ground surface. '

c. Evaluation of possible éccess-roads to the new airstrip.

. POTENTIAL OFFSHORE BORROW SOURCES
2.1 General

Seventy-nine exploratory borihgs were drilled In the vicinity of Tuktoyaktuk
with a Mayhew 1000 rofary rig. Fifty-six of the boreholes were located offshore
at a fairly regular spacing of 500 or 1000 feet in areas where dredging would

be feasible and sandy soils are most i!kely to occur (Drawing A-1).

Permafrost was not encountered during offshore drilling of most boreholes. In

a few cases, close to shore where it was frozen to the bottom at the time of the
field work, frozen soil was encountered. Borehole logs indicating ice thickness,
water depth and bottom soils to the maxlmum'depth of penetration are contalned

in Appendix C. | |

Three potential borrow areas, which are close to possible construction sites,
have'been outlined In Drawing A-1. ' The materials found within the out!ined
areas are considered the most suitable of all soils encountered during the
offshore borrow investigation. The potential borrow areas are designated as
I, 11, and 11l as described below.

2.2  Borrow Area |

Proposed Borrow Area | is located in the two bays immediately south of the 10L
base camp. It Is In close proximity to alternative alrstrip location €. The

EW.Brooker & Associates Ltd.
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surface area outlined as suitable for underwater excavation is 284,000 square
yards. | '"‘

Gradation analysis of four representative soll samples obtained from boreholes
in this region are shown in Figure 1. It is apparent that a wide range of
material types Is present varying from clayey sand to sand with some gravel.
Some care will have to be taken if this source is utilized in order to minimize
the quantity of silt and clay size materials excavated.

2.3_ Borrow. Area 11

Borrow Area 11 (205,000 ydsz) s located north of the 0L camp at the mouth of
a river which discharges Into Tuktoyaktuk Bay. Proximity to alternative ’
alrstrip sites A and B (not investigated) Is good.  The soll generally has a
narrower range of gradation characteristics than that of Area | as Indicated
in Figure 2. In general, the soll ranges from silty sand with some clay to
clean sand with a trace of gravel. This material is preferable to that
identifled in Area | since less sorting would be necessary.

2.4 Borrow Area 111

Area 111 s located In Tuktoyaktuk Bay adjacent to the settlement as Indicated
In Drawing A-1. This Is a potentlal source of material for infilling the lake
within the settlement. Both sand and gravel were Identified In the bay. Gravel
thickness overlying the sand ranges from 0 to 14 feet. The gravel contains
sand, silt and clay as indicated in Figure 3 and would generally be termed
‘dirty'. The underlying sand Is fine to medium grained, 'uniform' material
which would probably be ideal for lake Infill. |

The borrow area outlined has a surface area more than twice that of the lake to
be Infilled. Thus, there would be 1ittle difficulty obtaining the necessary
f111 from this nearby borrow source. : '

EW.Brooker & Associates Ltd.
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hit. SUBSURFACE CONDITIONS AT AIRSTRIP €
3.1 General

The onshore boreholes were lcoated predom!nately along the centerline of the
proposed alrstrip site, alternative C. The borehole spacing was not regular
but varied according to éopographic and terrain conditlons determined from
study of the airphotos. Several holes were drilled off the centerline to’
conflirm the extent of speclflc topographic'features. Detalled borehole logs
together with assoclated laboratory data for all onshore holes are contalned

“In Appendix B.

3.2 Site Description

' The proposed alrstrip site, refarred to as Alternative C, Is located approximately

1 mile southeast of the |0L base camp at Tuktoyaktuk as Indicated on the site
plan, Drawing A-1. Topography Is flat to undulating along Its length, with lTow,

~ flat hills rlglng about 10 feet above surrounding level areas. The centerline .

profile has been determined by ground survey and subsurface conditions examined
by drilling and logging 23 boreholes. '

Evaluation of the fleld data Is shown In Drawing A-2. The area in the region
of the airstrip has been sub-divided into four terrain types, described in the
following subsections, depending upon the surface soils present and a relat!ve |
estimate of sensitivity to disturbance by construction actlvutles.

3.3 Glaclofluvial Sand and Gravel

Glaclal outwash, consisting of sandy gravel and sand is very close to the ground
surface on the hill tops outlined in Drawing A-2. Peat and organic silt ranging
in_thlckness from ¥ to 2 feet overlies the granular soil In most places. These
areas are generally the best drained of the regions studied. Little or no

EW.Brooker & Associates Ltd.
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" visible lce segregation was found In the sand and gravel throughout the depth

of borehole penetration. The granular materials encounterad rangelln tgxture'
from clean well graded sandy gravel to silty sand with some clay.

3.4 Lacustrine Silt and Clay

Silt and clay of lacustrine origin surround the sand and gravel hills. Active

ice Wedglng‘ls apparent on the airphotos throughout moétrof these areas and
excess ice content In the soil has been estimated at up to 60% but is commonly
20 to 30%. The soll ranges from non to low plastic clayey silit with some sand
to high plastic clay. These areas would be subject to severe settleﬁent 1f

. permitted to thaw.

. 3.5 Thin Lacustrlne Sediments Over Sand and Gravel

In these areas, a thin veneer of iift and clay overlles the glaciofluclial sand
and gravel. Depth of thaw stable material generally ranges from 3 to 12 feet.
The soll types are similar to those described above. The areas should be
considered moderately sensitive to disturbance by construction activitles.

3.6 Organic Terrain

Areas designated In Drawing A-2 as organfc terraln were found to have peat

extending to a depth of 4 to 8 feet underlain by lacustrine silt and clay.
Visual éstlmated excess [ce content In the peat is often as high as 35% of
the total volume. The peat itself will be only moderately sensitive to thaw
settlement due to loss of excess lce, hoﬁever, It will be highly compressible
under load after thaw has occurred. Present Insitu total molsture content of
the peat Is commonly 500 to 800 percent}

EW.Brooker & Associates Ltd.
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Iv. AIRSTRIP CONSTRUCTION

4.1  General

No'atfempt has been made at thls'partlcular time to evaiuatefwhlch of the three
alternative alrstrip sites Is most desirable. Altarhative C Is a feasible site
from a geotechnlcal engineering standpoint. Grade cdnstructloh'at this s)te is .
discussed In this section of the report. | |

4.2 Geothermal Considerations

In view of the thaw sensitive nature of most_sofls encountered_beneath the
- proposed airstrip it Is necessary to design a grade whi;h‘wli] ensure degradation

of the permafrost does not occur. The depth of thaw in a homogeneous silty B
sand subgrade with gravel surface has been estimated at 6 to 7 feet, based on

the Modified Berggren equation. Thus, If 6 to 7 fecfibf sand is placed on the
tundra at a time when the éxlsting active layer ls.frézen, thaw below the:
exlsting ground level should not occuf. FI11 placement on a frozén surface will
minimize the amount of settlement which would occur as a result of compresslon

of the surface organic solls. Moreover, the frozen peat will act as a heat sink,
providing further safety against degradation of the permafrost table (high latent
heat). ' ' ‘ ' :

It Is considered feasible to cut, to a limited extent, the tops of gravel'mounds.
In these areas only, all surface organic soil should bé stripped off, expaéing _
the frozen sand and gravel. Over excavation by at least 2 feet Is recommended,
with reconstruction to grade by placement of fI111 from thé'borraw source.

4.3 Grade Dés!gn

A tentative grade his been selected based on the foregoing geothermal require-
ments as Indicated In Drawing A~2. The grade is 7000 feet long, with the north

EW.Brooker & Associates Ltd.
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3200 feet level and the south 3800 feet sloping up from the center at 0.13
percent. Minimum total fill depth In critical areas Is 6 feet and average
depth Is 8.6 feet. Three separate cuts are anticipated through gravel knolls
as Indicated on the profile, Drawing A-2. Total fill requirements, Including
3/1 sideslopes all around, has been estimated at 554,000 cubic yards.

This grade is considered a good starting point for further study of'féaslblllty
of the project. It Is belleved to be conservative in that additional cut or
reduced fI11 thickness may La Justified based on more detailed fleld and
analytical study. ' '

In order to Insure the airstrip |s serviceable during all weather conditlons,

a prepared granular surface will be required. .Thickness_df the prepared gravel
surface depends upon final quallty of the subgrade and alrcraft wheel-load.
Minlistry of Transport déslgn standards for Electra type aircraft would require
between 1% and 2% feet of compacted gravel’. Since It would be a very expenslvé

‘undertaking, to place this quantity of gravel (abodt 100,000 cublc yards) at

Tuktoyaktuk it may be desirable to reduce the thickness considerably and allow
the strip to become unserviceable during 1 or 2 weeks of spring breakup.

.Y Soll Compaction

The following benefits would be derived from adequately compacting the subgrade

’ol ] . ' ~

1. Shear strength of the soll would be Improved substantially thus
reducing the thickness of gravel surface course required.

2. Inflltratloh of surface water and theltendancy for frost heave

would both be reduced as a result of decreased permeability. .

! Wheel loading from an Electra is more severe than that from a Hercules.

EW.Brooker & Associates Ltd.
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3.  Differentlal settlement, which can lead to a costly malntenance
problem, within the fil1] would be minimized.

it Is recommended that thickness of the Intlal 1ift be 2 to 3 feet with this
followed by 1 foot thick 1ifts. -The 1ifts should be cqmpacted by a large
vibrating drum roller Imparting a dynamic force. in the order to 25,000 ft. lbs.

" Flnal relative density of the top 2 feet of subgrade solils should be at least
80 percent. Relatlve density of the gravel sQrface course should be at least

90 percent. In order to achleve these density requirements it will be necessary
to ensure the fill Is not frozen at the time of placement and compaction.

4.5 Dralnage

 Natural surface drainage in the area is believed to be unaffected by construction

of an alirstrip at alternative location C. This fact should be verified by
further ground reconnaissance durlng the. spring or summer. If surface drainage
s interrupted, culverts may be required through the fil1. Water must not be
allowed to pond alongside the newly constructed fill. |

Drainage from the fl11 itself should be given adequate consideration. A shaped

.subgrade, which will not allow water to pond on top should be constructed and -
- maintalned. Sideslopes may be subjected to erosion from runoff If not protected.

Landscapling and seeding the slopes to encouragq'vegetation growth would probably
provide adequate erosion protection. ' '

V. SUMMARY AND CONCLUSIONS

The following conclusions are based on an evaluation of the field data together
with the airstrip deslign recommendatlions stated in the previous sectlion.

1. Three potential offshore borrow areas have been defined by
exploratory borings. The materials identified within these
reglons varies from clayey sand to silty gravel. The order of
preference of borrow areas with respect to materlal type lIs:
til, 11 and 1.

EW.Brooker & Asspciates Ltd.
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2. Sufficient sand and gravel material s available in the bay
: (Borrow Area 111) to infil) the lake in Tuktoyaktuk settlement.

3. Alternative location C, chosen by Imperial 011 engineers for
proposed construction of an ailrstrip at Tuktoyaktuk, in a feasible
site from an engineering standpoint. An estimate of construction
cost can be prepared from the information provided

b, A more detalled fleld investlgation of subsurface condltions,
particularly in the vicinlty of proposed cuts, should be under-
taken before proceeding with final design. Also, regional _
dralnage patterns should be studied during the spring and summer
months.

5. Minimum fi111 thickness required to ensure degradation of the
permafrost does not occur has been estimated at 6 to 7 feet.
More comprehensive geothermal analyses should be undertaken
to verify this prior to final design.

6. Silty sand f111 may be dredged from the bay nearby (Borrow Area |),
stockpiled to drain and trucked to the site. The unfrozen fill '
should be placed in lifts and compacted wth a large vibratory roller.

7. A gravel surface course Is required to Improve all-weather : _
. capability of the strip. The thickness of gravel can be minimized
if the strip Is allowed to become unserviceable for a week or two
during spring breakup.

8. Other alrstrip sites A and B, which have not been Investigated, may
possibly be more desirable locations. Most recommendations stated
herein would also apply to these, however, no estimate of fill
quantitlies can be made at this time.

Respectfully  Submitted,

ELMER, W. BROOKER & ASSOCIATES LTD.

EW.Brooker & Associates Ltd.
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APPENDIX B

FIELD AND LABORATORY INVESTIGATION

The field drilling program was carried out between April 13 and 24, 1973. A
total of 55 holes were drilled offshore from the ice in Tuktoyaktuk Bay to
assess potential soil borrow material and 24 were drilled onshore to evaluate
subsurface conditions at one proposed afrstrip site. The holes were advanced
with a Nodwell mounted Mayhew 1000 rotary drill rig utilizing air as the
circulating medium. For offshore work, the rig was modiflied with a 'Becker
Conversion' which reversed normal circulation of air in the hole and allowed
the cuttings to be blown up the center of a double walled casing. All cuttings
were caught ina 'eyclone' and bagged in five foot Intervals for classification
and testing purposes. The reverse ¢lirculation technique was abandoned for

- onshore drilling because It was found to be Ineffective for drilling frozen

soil. Undisturbed samples of frozen or unfrozen soil were not obtained during
the fleld work. Thus, estimates of ground ice type and quantity must be

cons ldered veEy approximate only, based on judgement of the experienced field
techniclan. : - '

All boreholes were located In the field by a survey crew from Hamilton and
Olsen Surveys Ltd. Edmonton. In addition, a centerline profile of the proposed .

- alrstrip site was determined and elevation of all boreholes obtained. All

elevations have been referred to the Geodatic Benchmark system.

Soll samples retained were shipped to the Brooker Edmonton Laboratory for

further examination and testing. Testlng was restricted to Classification

Tests predominantly Atterﬁerg Limites and Grain Size Apalysis. The results
are included In the borehole logs and on summary sheets included in this
appendix.

EW.Brooker & Associates Ltd.
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22 1-5 SAMPLE GIVEN IMRERIAL OJL LIMITED
22 10 - 15 98 2
23 1-5 5 1 15 69
23 10 - 15 13 82 5
47 1 - .5 5 9k 1 .
61 1-5 5 6 1 78
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