MACKENZIE HIGHWAY
GEOTECHNICAL EVALUATION
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Public Works of Canada
Oge Thornton Court
Edmonton, Alberta

Attention: Mr. J.A. Brown, Regional Director
Gentlemen:

Subject: Geotechnical Evaluations - 0scar Creek Crossing
- Elliot Creek Crossing

It has come to our attention that an incorrect symhol was used in
~geotechnical reports pertaining to bridge construction activities at the
Oscar and Elliot Creek Crossings. These reports are designated Volumes

XXl and XX, respectively. We request that the symbol N' on line 6
paragraph 2, subsection 2.2, Laboratory Testing, be changed to read F'.
Thus the corrected sentence should read (beginning on line 4):

'The system used retains the symbols V and N for visible and non-
visible ice, respectively, and the modifying symbols B and F for
well bonded and poorly bonded non-visible ice respectively.'

We trust the required corrections do not cause any inconvenience.

Should you require corrected versions of both pages, please contact our
Edmonton office and we will be pleased to undertake the necessary changes.

Very truly yours,

EBA Engipeering Consultants Ltd. \:””rdh' . ’Eﬁfz

G.R. Gilchrist, P. Eng.
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11738 Kingsway Avenue, Edmonton, Alberta T58G 0X5' Phone (403) 453. 3665
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I, INTRODUCTION

In conjunction with a geotechnical engineering study carried out from Mile
725 to Mile 632 of the proposed Mackenzie Highway, several major rilver

and stream crossings were Investigated. The Elliot Creek Crossing, whose
geographic location Is shown on the Key Plan, Drawing No. A~1, Appendix A,
is one such site investigated in detall. Detalls of the Investigation,
‘site conditlions, geotechnical data and recommendations pertinent to the
development of the creek crossing, are reported herein.

This work was carried out for the Government of Canada, Department of Public
Works, and was authorized by Contract Number A10/73, File No. 9305-52-307.

. GEOTECHNICAL DATA AQUISITION

2.1 Fileld Testing

The evaluation of subsurface conditions has been based on field data obtained
from fourteen boreholes, driiled at the locations shown on Drawing No. A-2,
Appendix A. Of the fourteen boreholes advanced, three were drilled as center
line boreholes, in conjunction with the general route evaluation, and the
remainder were located and drilled specifically to define subsurface conditions

at the creek crossing.

The special boreholes consisted of Boreholes 659-§-1 to 659-5-11, lInclusive.
The three center line boreholes were designated Boreholes 659-C-2 to 659-C-4,
inclusive. Detailed borehole logs are presented In consecutive order in
Appendix B. |

The center line boreholes were drilled with a Texoma Super Economatic power
auger, fitted with a 12 inch diameter stub auger. All special boreholes
were drilled with a track mounted Mayhew 500 rotary drill rig, using a
continuous alr return clrculation system. Boreholes advanced with this

Sl '
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drill rig generally were 4-3/4 inches in diameter. Borehole penetration

ranged from 5 feet to 43 feet, and averaged 21 feet in depth. Sampling

consisted of representative bag samples, obtained at depths of 2% and 5

feet, and at depth Intervals of about 5 feet, thereafter, to the bottom

of each borehole. Undisturbed samples were not obtained at thls site.

2.2 Laboratory Testing

Laboratory.testing was carried out on the disturbed soil samples to determine
the natural water content profile, Atterberg limits, grain size distributlon,
soluble sulphate concentration, and pH of the subsoil. The moisture content
tests were undertaken in the fleld laboratory of EBA Engineering Consultants
Ltd., while all other testing was confined to the EBA Edmonton laboratory.

In addition to the laboratory testing outlined above, all samples were
visually classified in both the EBA field and Edmonton laboratories. Soill
classification was based on plasticity according to the extended Unified
Classification System (1)* and on textural classification according to U.S.

(2)

Engineers Department textural classification triangle.

Frozen ground was classified according to a modification of the NRC system

for describing permafrost (3);

The modification was necessary because the
disturbed nature of the sample obtained did not permit full usage of the

NRC system; especlally In describing the form of excess ice. The system

used retains the symbols V and N for visible and non-visible lIce, respectively,
and the modifying symbols B and E:for well bonded and poorly bonded non-visible
Ice, respectively. Excess Ice quantities were estimated from visual observations.
The results of léboratory tests are presented on the borehole logs (Appendix B),
where applicable, and on grain size distributlbn curves, Dfawings No. C-1 to

C-6, Inclusive, Appendix C. Drawing No. C-7, Appendix €, presents a partial

summary of laboratory results. i

* Superséripted numers in parentheses refer to the List of References
presented at the end of this report.

= '
€0Q Engineering Consultants Ltd.
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1. SITE CONDITIONS

3.1 Surface Features and Geology

The proposed Mackenzie Highway crosses Elliot Creek at Mile 659.3, approximately
27 miles north-west of Norman Wells. Drawing A-1, Appendix A, Is a Key Plan

‘of the Elliot Creek area and Drawing No. A-2, Appendix A, presents a detailed
Site Plan. Plate No. 1, Drawing No. A-3, Appendix A, shows the crossing

from the alr In June 1973. | '

Ellliot Creek drains a relatlively small area extending north-east of Mount
Thomas and Mount Morrow. Part of the former Elliot Creek watershed has
‘probably been captured by the Hanna River and Oscar Creek. This may explain
the existence of a deep gully, which Is presently occupied by a relatively
small stream. Because of the smalllwatershed, the summer flow In Elllot
Creek Is expected to be limited. However, the base flow appears to be
supplemented by groundwater seepage from the mountaihs nearby, hence a
modest base flow may be maintalned throughout the year.

Aerlal photograpﬁlc interpretation of the surficlal geology of the Immediate
area of Elliot Creek Crossing, is shown on Drawing No. A-2, Appendix A. The
surficial materials are believed to be alluvial meander plain and outwash
deposits that have been reworked to some degree:by slopewash action.
 A'terraIn legend, which describes the symbols used in the terrain analysis,
‘is'presented as Drawing No. A-2a, Appendix A.

3.2 Subsurféce Condlitions

Based on observafions from the boreholes, a stratigraphic section along
center line has been compiled and is presented as Drawing No. A-4, Appendl&
A. The generalized center line stratigraphy noted at the site is summarized
in Table 3.2.1, following. |

A= : '
©0Q Engineering Consultants Ltd.



CEBIL i ~ Page 4

TABLE 3.2.1
STRATIGRAPHY AT ELLIOT CREEK CROSSING

APPROX IMATE
DEPTH BELOW AVERAGE RANGE

. EXISTING OF THICKNESS
MATER 1AL DESCRIPTION GRADE (FT) (FT)
PEAT reddish brown, fibrous, some silt, 0-1 _ 0-3
V5%-20% ' .
GRAVEL fine to coarse gralined, poorly 1-9 - 2-13
& SAND graded, loose to dense, some
sllt and clay, medium brown,
molsture content (M/C) 5% to
50% avg. 15%, . NB to NF
CLAY grey, medium plastlc, silty, 9 - Depth of Not
some sand and pebbles, M/C . Penetration Established
18% to 34% avy. 25%, NB to
V53

The following additional informatlon, which may Influence design or constructlion
decisions, was also obtained during the field investigation.

1. The maxIimum depth of borehole penetration was 43 feet.

2. Unfrozen clay was noted In Boreholes 659-C-2 and
- 659-5-3 below depths of 9 and 13 feet, respectively.

3. A silt pocket was noted in Borehole 659-5-1 between
the depths of 3 feet and 5 feet.

4. - Borehole 653-5~8 was terminated at a depth of 5 feet
due to sloughing gravel. v

‘ - % Engineering Consultants Ltd.
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5. No borehole information 1is available In the bottom
of the creek channel to Indicate the type and nature
of underlying subsoil materlals.

v, CONCLUSIONS AND RECOMMENDATIONS

4.1 Foundation Types

At present, preference Is given to pile foundation systems supportea on
bedrock. However, final selection of a foundation system should be
determined in conjunction with economlc and structural design considerations,
as well as further detalled geotechnical analyses. The following foundation
types are believed to be feasible for a bridge structure at the site.

1. Closed end plipe pliles driven in pre-bored holes
2, Driven steel H-piles

2 Foundation Design

A major factor affecting the design of pile foundations at Elliot Creek Is
the noted occurrence of unfrozen zones within the subsoil. Although

frozen soll was logged in the vicinity of bridge abutments, the possibility
of unfrozen subsoil beneath the river flood plain and channel renders pile
design, based on soil adfreeze principles, hazardous. Consequently, It Is
consldered that allowable plle bearing capacities must be determined on

the basls of available end bearing support, and/or available skin friction
support of existing subsoil material in the unfrozen state. |In addition,
the existence of frozen zones is considered to preclude the use of dynamic
pile formulae as a rational approach to the determination of pile capacit?es.
However, placement of piles through pile driving techniques will likely be
the most expedient method of Installation.

©0Q Engineering Consultants Ltd.
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Because of a lack of data, with respect to soll strength and depth to a

thaw stable bearing surface, pile designs presented herein are largely
based on empirical data, and must be considered, only preliminary In nature.
Confirmation of the design parameters presented herein through additional
fleld and/or laboratory testing is considered necessary.

- The recommended foundation types listed In Subsection 4.1, may be designed
in accordance with the following preliminary design parameters. However,
It Is stressed that the following recommendatlions are presented without
knowledge of final design highway grades, geometrics, or bridge design.
Consequently, the recommendatlions presented may require reconsideration
when these factors become known.

h.2.1 End Bearling Piles

It Is considered that the only positive method of foundation support that
will permit relativély high loads, without excessive settlementé at the
Elliot Creek Crossing, is an end bearing pile system achieving support on
bedrock existing beneath the site. However, due to equipment limitations
the méxlmum depth of drill penetration was 43 feet, with bedrock not being

encountered.,

Based on a review of bedrock geology of the area, it Is believed that shale

(k)

depth below the approximate abutment locations of the proposed bridge

bedrock of Upper to Middle Devonlan Age may be expected at an unknown
crossing. It is recommended that consideration be given to the use of steel
end bearing piles:for bridge foundation support. However, determination of
bedrock depth.and properties at the locatlon of bridge abutments and plers
Is a necessary prerequlslte to the determination of a final design pile
capacity. '

©0Q Engineering Consultants Ltd.
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For preliminary design purposes, it is believed that consideration should

be given to the use of closed end pipe pliles to provide end bearing support
in bedrock. It is recommended that pliles with a minimum nominal diameter of
12 inches and a minimum weight of 65 pounds per foot be used. The design
'length of the piles must be confirmed on the basis of additional field
~drilling, however pile lengths of 100t feet may be necessary.

Installation of pipe piles will require the use of both drilling and pile
driving equipment. It is recommended that the piles be Installed In pre-bored
holes having a diameter of about 95% of the plle diameter, to permit a snug
fit. The pile holes should be prebored at least 5 to 10 feet into the bedrock
and the piles should be driven to at least the full prebored depth. A minimum
driving energy of 24,000 foot pounds !s recommended. Steel H-piles are
presently believed to be less feasible, as preboring would result in loss of
lateral support, and installatlion without preboring to the estimated depth

Is anticlipated to meet with high resistance. Confirmation of thls, however,
could be achieved through the driving of test H-piles at the slte.

A prélimlnary déslgn load capacity of about 170 kips may be used for the
foregoing recommended pipe pile section, If the plles can be driven to
'refusal' In bedrock. It is considered that 'refusal' will constitute a
penetratibn of less than 0.1 Inch per blow, measured over the last foot of
driving With the recommended pile driving energy. It Is recommended that
plle driving records be kept for all piles, for immediate review by he
geotechnical consultant. A pile load test is also recommended prior to, or
at the outset of pile installation to confirm the load carrying capacity

of the piles and permit a correlation to the driving records.

- €0Q Engineering Consultants Ltd.
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k.2,2 Friction Plles

—— —— — —— — ——

Based on available geotechnldal information at the El1liot Creek Crossing,

it is belleved that a significant probability exists for the successful
installatlion of piles at the site, achieving thelr load carrying capacity
primarily thfough skin friction between pile and embedding soil. However,
~the present lack of specific informatlon, with respect to the strength of

the Insitu soils in an unfrozen condition, permits only a preliminary estimate
of the load carrying capacity of friction pile types.

Conflrmation of the sultability of friction piles, presentation of more
detalled pile desligns, and more precise estimates of pile capacities can
only be made if additional more detalled geotechnical Information of
subsurface deposits is obtained at the site.

The following plle design parameters may be used for preliminary design and
estimating purposes, with the final design to be conflrmed on the basis of
field Installation records and load testing.

a.  Driven Steel H-Plles

As a gulde to the establishment of a preliminary pile
design, It s recommended that standard H-piles 70 feet
in length (about 10 feet of fl1] assumed at abutments),
with a minimum nominal size of 12 inches by 12 inches,
and a minimum weight of 53 pounds per foot (CBP124), be
considered for preliminary design purposes. |t is
believed that the suggested pile section can be driven,
with an energy of 24,000 foot pounds to the full length
of the plle. It is belleved that piles driven to these
specifications will permit an allowable static design
load of 60 kips to be used. Although preboring Is not

sle=
€0Q Engineering Consultants Ltd.
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considered necessary for the installatlion of steel H-plles,
through permanently frozen ground at this site, it may

be necessary In hard seasonally frozen ground and thick
granular fills to ensure the alignment of the driven pile
section. Thls will be particularly true If very long
sectlions are to be driven,

It Is essential that the bridge approach fill be placed

to final grade, before preboring and pile driving, In order
to prevent damage to the piles and to ensure working room
for proper compaction of the fill, Thls sequence of
constructlon‘wlll limit negative skin frictlion load

on the piles. On site inspection and supervision of the
driving of test plles, or the initial piles of the
foundation system, ls considered absolutely necessary

in order to establish the final design bearing capaclity.
It Is also considered essential that a pile driving record
be maintained for all piles. The driving record of all
piles should be reviewed by the geotechnica] consultant,
'a; is practical, to ensure the design Intention Is belng

realized.
b. Prebored Driven Closed End Steel Pipe Plles

Closed end steel pipe piles, installed in prebored holes,

- may also be considered for foundation support. The
prebored hole size should be 85 to 90 percent of the
outside pile diameter to ensure a 'snug' fit, and should

"extend the full length of the intended pile penetration.
It Is essentlal that the bridge approach fill be placed .,
to final grade before pre-boring and pile driving, in
In order to prevent damage to the plles and ensure working

room for proper compaction of the flll. This sequence of

L= - '
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construction will 1imit negatlive skin friction loads on
the piles.

For preliminary design purposes, it is recommended that
closed end pipe piles with a minimum length of 70 feet
(about 10 feet of fil) assumed at abutments), and a
minimum welight of 40 pounds per foot be considered. The
suggested pile section should be driven, with an energy
of 24,000 foot pounds to the full length of the pile.
it Is believed that piles driven to these specifications
will permit an allowable static design load of 45 kips
to be used. Driven piles must penetrate to at least the
full pre-bored depth. As for steel H-piles, Inspection
of the driving of test pliles, or the first few pliles of
the foundation system, Is considered absolutely necessary
to confirm or alter the design bearing capacity. It is

. also conslidered essentlial that a driving record be
maintained for all plles for immediate review by the
geotechnical consultant.

4.3 Negative Skin Frictlion

The‘gffegt of negative skin friction, on individual plles and pile groups,
will be dependent upon the occurrence and magnitude of both consolidation
settlement and thaw settlement within the fil1] surrounding the piles and

the natural subgrade soils. At the crossing site, it Is considered that

the near surface sand and gravel layer is relatively thaw stable but all
silty clay materials, noted below an average depth of 9 feet from exlsting
ground surface, are thaw unstable. Consequently, significant negatlve

skin friction effects caﬁ be antlcipated on foundation elements within these
materials if thawing occurs. Substantial skin friction effects will also

be mobilized in any road grade fill surrounding piles If loss of subgrade

support occurs.

e '
©0Q Engineering: Consultants Ltd.
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To limit the amount of thawing of the subgrade, the loss of subgrade support,
and the magnitude of negatlive skin friction, fills should be placed

during the winter season. In order to further limit potential negative

skin friction, due to settlement of the fill itself, it Is recommended that
fills be placed to final grade and pre-boring and installation of piles be
carried out through the fill, The maximum tIme interval, which Is consistent
-with the construciton schedule, should be allowed between these two phases of

construction.

It is extremely difficult to accurately predict the anticipated total
magnitude of negative skin friction loads, on any pile or plle group that
méy be Installed at the subjéct site. Negatlive skin friction develops due
to the downdrag effect of the soll around the pile as It thaws and
consolldates. Table 4.3.1 presents suggested values (5) for negative

skin friction In typical soils. At the Elliot Creek Crossing the thickness
of fill placed and method of placement will significantly effect the depth
and rate of thaw wherever the soil is presently frozen. However, for
preliminary design purposes and an assumed depth of abutment fill of

about 10 feet, it is believed that about 5 feet of thaw may take place

in the natura) subgrade which wil) contribute to negative skin friction.
This estimate assumes that the fil1 Is placed during the winter on a
frozen subgrade. '

4.4 . Frost Heave of Plles

Frost heaving of piles can occur as the active layer freezes each winter.
During the cold wihter months, the surface soils freeze and bond to the pile
at low temperatures. |In solls containing silt and clay, this shallow surface
adfreeze, If accompanied by lce lens formatlon, exerts a heaving force on

the plle whlch must be resisted by the dead load on the pile, the avallable
adfreeze bond in the permafrost, and/or pile skin friction within unfrozen
soil zones In which the pile is embedded.

€0Q Engineering Consultants Ltd.
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NEGATIVE SKIN FRICTION OF UNFROZEN SOIL FOR PILE DESIGN
(After Woodward Lundgren And Associates, 1971) (5)

DESCRIPTION OF SOIL CATEGORIES

Clean sands and gravels with little or no
silt or clay. Typically: GW, GP, SW, 5P

Silty or clayey sand and gravel mixtures
with considerable amounts of silt and clay.
Typically: GM, SM, GC, SC, SF

Moderately plastic to highly plastic
inorganic clays. Typically: CL, CH

Non-plastic to slightly plastic inorganic
silts and lean clays. Typically: ML, MH

Organic silts and clays. Typically: OL, OH

DESIGN NEGATIVE SKIN FRICTION

P, = 30d (X2 + 2HX)*

700 PSF

800 PSF
350 PSF

150 PSF

* Load developed on that portion of a pile embedded in a granular stratum.

= Load developed, lbs.

= Diameter of pile, ft.

X I QAo v
3

Depth of overburden to top of granular stratum, ft.

= Length of pile embedded in granular stratum, ft.

~~ ©0Q Engineering Consultants Ltd.
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In order to prevent plle heave, it is necessary to check the pile design to
ensure that the available resisting forces provide an adequate factor of
safety against seasonal frost heaving. In general it has been found that

a slightly deeper pile embeddment is the most feasible means of overcoming
undesirable frost heaving stresses, If they exceed the sum of the total
resisting forces divided by the factor of safety. Suggested design stresses
" for general permafrost solls are presented in Table 4.4.1 5) and may be

used for preliminary design purposes.

h.5 Subgrade Considerations on Center Line

As indicated in Table 3.2.1, the stratigraphy on center line, on both sides
of Elliot Creek, Is similar. A thin organic cover, averaging about 1 foot In
thickness (ranging from 0 to 3 feet), was noted at several borehole locations.
Generally, 2 to 13 feet of gravel and sand underlays the organic cover and
overlies an unestablished depth of silty clay. Estlimated visual excess lce
contents are generally low, with the exception of near surface organic layers.
Molsture contents are moderate and it Is expected that firm conditions will
probably exist in unfrozen soils during the summer season. However,a winter
construction prdgram is advocated to limit undesirable disturbance to the
sub-grade thermal regime.

Althngh_no shear strength data for unfrozen soil at the site is available,
qualltative evaluation of the shear strength of the various strata can be
made from visual observations, ice content estimates, moisture content
profiles and classification test results. Based on these factors, it lIs
concluded that on thawing, medium dense, moderate to good shear strength
conditions will exist In the gravel and sand layer and low to moderate shear
strength will exist In the slilty clay.

e0Q Ehgineering Consultants Ltd.
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. TABLE 4.4.1
FROZEN SOIL ADFREEZE BOND STRENGTH FOR PILE DESIGN
(After Woodward Lundgren And Associates, 1971) (5)

Design Adfreeze Bond

Stress, for |
Frost Heaving Soils
Design Category Applicable Criteria (PSF)
Segregated lce Water Content
Condition of Soil %
| -above average No visible ice, 15 5000
soil-ice (<1%) 15 - 40 4000
condition :
Il -average soil-ice Little visible i5 4000
~condition ice, (1 ~ 10%) 15 - 4o 2000
11l -below average Occasional 15 2000
soil-ice visible ice, 15 - 4o : 1500
condition (11 - 20%)
IV -poor soil-ice Bome visible Lo 1350
condition ice, (21 - 35%) 15 - 4o 1350
V. -very poor soil-  Considerable 40 900
ice condition visible ice,
(> 35%) Any 700

? Applies only for soils containing 5% or more of silt or élay size particles.

7
-,

w

=
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A lack of detailed information, with regard to ice contents, and a need for
sophisticated testing and detailed computer analyses, makes It Impossible to
accurately predict thaw settlement of fill on frozen materials with excess
lce contents. Therefore, only qualitative estimates of thaw settlement can
be made at this time. Based on visual estimates of excess ice content It

Is believed that total thaw settlements of average road grade fllls (about

6 feet thick), of about 0.5 to 1.5 feet can be expected for winter
construction, and 1.0 to 2,0 feet for summer construction. This estimate
assumes thawing of the upper 5 to 10 feet of subgrade soils, but does not
take into account normal consolidation settlement of the unfrozen subgrade

. solls due to the surcharge effects of the road bed fill. In the case of

peat solls, normal consollidation settlement can easily reach 50 percent of
the original thickness of the deposit; and can, as with thaw settlement,
occur fairly rapidly. |

It Is considered that the conventional northern construction practice of
placing fill material directly on the organic subgrade is desirable at

this site. Fills for bridge approaches should be constructed with allowance
being made for the occurrence of thaw subsidence, If sufficlent thickness of
fi1l is not placed to preserve the frozen sub-grade. Allowance for expected
sub#ldence can be made by either providing extra fill to compensate for the
anticlipated settlement, or to upgrade as subsidence occurs, or both. A 6

" foot thickness of granular fill material (non-plastic) is considered to be

the minimum depth for road grade construction on underlying frozen subgrade
materlals at Elllot Creek Crossing. Local fine grained materials, such as

silty clay, are-not considered suitable for abutment or approach fills. The

thickness of road grade materlal required to prevent degradation of the

~ permafrost can only be predicted after detalled theoretical analysis, which

Is considered to be beyond the scope of thls investigation. |t is believad
that fi11 placement should be carried out during the late winter period

S= '
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to minimize thermal distu;Bance, and possible damage to the exlsting

ground cover and slopes by coﬁé;suctlon equipment. Snow clearing should

be carried out prior to all fill piacement. Placement of the fl11 should
be undertaken by éhd dumping with susééqugnt spreading by dozing equipment.
A minimum initial 1ift thickness of 2 feet'is-suggested. Depending on
construction completion schedules, placement-of fills may be staged for

. several seasons or carrled to completion as construction progresses.

It was not possible to drill through the lce into the creek bed. Therefore,
the extent and characteristics of the creek bed gravel could not be
determined. However, It Is believed that gravel underlies the entire

flood plain and grades into the subsurface gravel, noted in the boreholes.
It is difficult to estimate the maximum depth of scour, but the presence of
gravel iIndicates that high stream velocitles oceur at peak runoff and
significant depths of scour may occur.

L.6 Slope Stability Considerations

No evidence of recent slope lnstabllity was detected on elther valley wall,
in the lmmedlate vicinity of the proposed crossing. The slope gradient
along center line ranges from about 2 to.13degrees (about 3  to 23 percent
grade). Cursory slope stability calculations, using implied shear strength
values for thawed materials and the surveyed slope configuration, indicate
an adequate factor of safety with respect to slope stability. Consequently,
it Is believed that approach fills can be constructed on the proposed
alignmént In comparative safety with respect to natural slope stablility.
However, it Is recommended that excessive fl11 thickness be avoided near the
crest of the slopes. In addition, cutting or excavating of slope material
Is not recommended and desired grades should be achieved solely through

the placemént of fill. ',

S % E_ngineering Consultants Ltd.
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It Is considered that rip-rap protection of the existing defined creek
channel, upstream and downstream of the bridge crossing, may be necessary
to protect the stability of approach fills. Bridge abutments should be
set as far back from the present creek channel banks as is practicable.
Fine grained fills should not be used for subgrade construction on the
flood plain as they are easlly eroded.

4,7 Drainage Consliderations

Approach fills will concentrate runoff water along the upslope side of
fills. Therefore, it is consldered essential that considerable effort

and care be given to minimizing erosion on the slope parallel to the fill.
Every effort should be made to preserve the vegetal lining of all designed
water courses and wherever this Is impossible, coarse gravel should be

used as channel lining. Transverse flow breakers should be provided at
frequent intervals to reduce the rate of runoff along the fill and thereby
reduce the potentlal for erosion-by running water. Spacing of flow breakers
will become apparent In the fleld when drainage courses and gradlients
become accurately defined. Ponding of water adjacent to fills should be
discouraged as honded water will act as a heat source for rapid degradation
of permafrost. It will also tend to reduce the shear strength of the
subgrade soll and road grade fill, unless the road grade is very granular.

4.8 Cement Type and Corrosion Considerations

A representative sample from the crossing area was tested to determine the
soluble sulphate-concentratlon and soll acidity. The soluble sulphate
concentration determined rates as considerable and the pH indicates a
slightly acldic.condition. Therefore, it is recommended that the use of
'

Type V Sulphate Resistant Cement be consldered, for preliminary design
purposes, for all concrete In contact with the natural solfl. Confirmatlion

©0Q Engineering Consultants Ltd.
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sol ) sulphate analyses can be performed prlor to construction. A minimum
128 day' compressive strength of 3000 pounds per square inch Is recommended
for all concrete forming foundation elements.

For steel pipe piles, extending above grade or above the ground water level,
corroslon protection may be achieved by painting or encasement with concrete.
- In this Instance, the protective coating should extend to a minimum distance
of 2 feet below final grade or minimum antlcipated low water level, whichever
Is deeper. In the case of pipe piles, protective coating should be provided
on the interior of the pipes to prevent possible corrosion. If practical,
this may be achieved through filling of the piles with concrete.

k.9 Additional Studles

In order to more accurately assess such factors as insitu shear strength,

thaw subsidence, and slope stability, it is desirable to obtain additlonal
detailed geotechnical information at the site. Such Items as acquisition of
representative undisturbed samples of the various soil types, a thorough

. study of existing local slopes, refined field and labokatory tests to
determine shear strength and thaw subsidence factors, and a refined theoretical
analysls of these factors, constitute the additional detailed geotechnical
Information that Is considered to be desirable.

In addition to the desirabllity of obtaining further detalled geotechnlcal
information, It Is recommended that consideration be given to establishment
of a series of closely supervised and documented pile driving and pile load
tests. Although preferable, these tests need not be carried out at actual
bridge crossing sites, but may be carried out In areas and materlals that
would be representative of general foundation conditions at most of the
proposed bridge sites. Such tests would provide valuable design data on .
which the design of future pile foundation systems could be established.

©0Q Engineering Consultants Ltd.
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V. LIMITATIONS

The foregolng recommendations have been prepared based on our knowledge of
existing conditlons at Elliot Creek and the proposed highway crossing. This
knowledge has been derived from visual, physical and analytical considerations
~of existing soll and slope conditions, which were obtained from our fieid
investigatlon. The findings and comments presented are bellieved to accurately
reflect conditions as they are known to exist.

Due to the general nature of the study reported herein, the findings cannot
be considered to be a comprehensive assessment of slope and foundation
conditlions at the crossing. Should conditions be encountered, other than
described herein, the geotechnical consultant should be contacted so that
recommendations may be evaluated in light of new findings.

Respectfully Submitted,

onsultants Ltd.

GRG/tmf

©0Q Engineering Consultants Ltd.
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AMP

AMP-2
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TERRAILIN

Terraln Type

Alluvial Mean-
der Plain
(Mackenzie River
Meander Plain)

Alluvial Mean-
der Plaln
(excluding the
Mackenzie River
Plain)

Othash Plalins
or Deltas

LEGEND

Physlographic Features

Materials Description

Flat plain often with
sand dunes on it |

Flood plains filling
bottom of the stream
or river valley

Tabular bodies

Topstratum Phases (Assoclated with Terraih Types)

sL

Slopewash of solifluction features.

Sands and silty sands
stratified or channel

deposits

Fine silt, sand or
gravel as channel
deposits

Sand and/or gravél

Topstratum of lce-rich

poorly sorted silty clay and silty sand to gravel.

Complexes are shown as combinations of two terraln types with or without

phases that pertaln to the parent type.

Terrain symbols are modified from Canadian Gas Arctic Study Limited Terraln

Study for this area.

~ Drawing No. A - 2a
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PLATE No. 1

General view of the proposed highway
crossing at Elliot Creek. North is
to the right of the plate. (June, 1973)

Drawing No. A « 3

F W Brooker & Associates Ltd.
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E.W. BROOKER & ASSOCIATES LTD.

DRILL HOLE REPORT 4

DEPARTMENT OF PUBLIC WORKS, CANADA
MACKENZIE HIGHWAY

24

DWN: AL R DATE ORILLED18/2/73AIRPHOTO NO: A22774 = 54 | CHAINAGE 3L40 + 25 [oFFsET . TEST moLE
cxo. GRG RIG Texoma SURFACE DRAINAGE: Fair to South [ veceTaTion: Black Spruce & Birch JeLev: 337.3
e GRAIN- SIZE
R EMEE: L2 ICE , . ANALYSIS r |z [MLE [B.CS [NuMBER
Ic wei, |3 cs a¥ SOIL DESCRIPTION - 6§ DESCRIPTION 1z | O = WATER CONTENT {% OF DRY WEIGHT) >l o]alg|22]2- -
A FH RS ' o2 S4{ O=ICE CONTENT (% OF SAMPLE VOLUME) 3121353 (86186699 4 C
Traz)s-l ¥ |ERlE2 S e PLASTIC tiouio hd flel-s 2
#lex| @ S& 20 "™ ’—-—so—‘ o 190___toosl %o %|* |° REMARKS
- Med. Brown
. SW - Gravelly
- Loose
- Some silt and Clay Q\
4 ~ Well Graded NF
(1 33
s \\
5
101 - Grey . &
- Med. plasticity ]
- Wet
12
Unfrozen
141
161
18 &
END OF HOLE 18!
20
221




E.W. BROOKER & ASSOCIATES LTD. | DRILL HOLE REPORT DEPARTMENT OF RyRLIC WORKS, CANADA
Own: ALB |FIELD ENG:  NRM|DATE ORILLED18/2/73AIRPHOTO NO:  A22774 - 54 [cHAINAGE: 3442 + 25 IOFFSET TEST
cko GRG  [TecH: JK  [R16° Texoma SURFACE DRAINAGE: Good to South | VEGETATION: Black Spruce & Birch TELEv. 335.3" EST HOLE
1z.] 3 z ICE i':‘ﬁ?;ss,]szg > |» [MILE |BC,S INUMBER
Erlue|, - g sz og' SOIL  DESCRIPTION ‘s§ DESCRIPTION | x| O = WATER CONTENT (% OF DRY WEIGHT) . ol el2-~[2-k
sbigglsy o [ERE o3 S| 7 ICE CONTENT (% OF SAMPLE VOLUME) SRR AR ENED 537 C 3
il ® B °8 ?,E 20 Pt?:l'i;l: }——;0——1""_2%:1? 100 wos| %o | % | %! % 3 E.. REMARKS
SAND - Gravelly )
- Med. Brown
2 sp -~ Dense 2
L = Poorly Graded ?
al - 'I'Cr?ce of Silt and s /
2 v
6 6
NB \
F
s 8 \\
o] 3 10 \
CLAY - Grey, Silty .
Ci - Med plasticity .
121 12 .
ta{ END OF HOLE 13" : e
16 I8
i8 I8
20 20
221 22
241 24




E.W. BROOKER & ASSOCIATES LTD. | DRILL HOLE REPORT DEPARTMENT MACKENZ -G, WORKS , CANADA
oW %BL FIELD ENG:  NRM |DATE DRILLED:18/2 /7BAIRPHOTO NO: A22774 — 54 {CHAINAGE: 3456 + 80 OFFSET TEST HOLE
ckp ™ TrecH JK _|RIG: Texoma SURFACE DRAINAGE: Poor [veseTation: Black Spruce & Birch  [eLev:  337.5
x|z, 2 g ICE ANALYSIS r |z |MILE (BCS |NumBER]
Iflue w s S a; SOIL.  DESCRIPTION S & DESCRIPTION Zio ! O =WATER CONTENT (% OF DRY WEIGHT} . al @ |2-~12~
EE‘ i gy 3 E2Ee oz S| O=ICE CONTENT {% OF SAMPLE VOLUME) 3 E AR EMES L334 C 4
“E|a" ® §§ i gE 20 Pt?':'&l: 1) tii"z# 100 100+ Yo | % | % | % E" g- REMARKS
OL! SILT - Med. Brown
to - Organic v
2 1 ML - low Plasticity 15-20% 2 A 5
SAND - Med. Brown A
4 sp - Trace of Sil# 4 /
2 - Medium ) (78 13
6 - Some gravel 6 ‘
. Fl NB . \
CLAY =~ Grey ‘
- = Silty [
ic13 Cl ' - Med-Plasticity 10 )
12 12
v 7N
0-5% ‘
144 . 14
161 ) - NB 16
8y 4 18 &
END OF HOLE 18
20 20
221 ' 22
24 - 24




E.W. BROOKER & ASSOCIATES LTD.

DRILL HOLE REPORT

MACKENZIE HIGHWAY

DEPARTMENT OF PUBLIC WORKS, CANADA

OWN:ALB  [FIELD ENG: NRM [DATE DRILLEDZ4/Z2/7BAIRPHOTO NO: A22774 = 55 |CHAINAGE: 3446 + 20 |oFFSET TEST HOLE:
CXD LAB | TECH- JK_ [Ri6° Mayhew SURFACE DRAINAGE: Good to South | VEGETATION: Black Spruce & Birch TeLev: 326.97 MVPL1S
e GRAIN- SIZE .
.~ £ (8w B 3 ICE N . - [ANALYSIS > |z [MILE [BCS [NUMBER
cSiwsle, | 3 |53[oF| so DEsCRIPTION S 51 DESCRIPTION 1| O = WATER CONTENT (% OF DRY WEIGHT) (el 2|8 |22i2c]) 659 | s 1
sElssldy § e 03 Ef {3=1CE CONTENT (% OF SAMPLE VOLUME) 5 21 3]3 8080
Lotazis-l =2 33 30 ~ PLASTIC LiouID b B F A P
R |we”3 EE LIMH‘O’_—T”l LI:(!)IT 100 wosl %o | %l %l %i® |8 REMARKS
Pt | PEAT-Reddish Brown, Fibrous V.~ 15-20% s North Bank Elliot
GRAVEL - Sandy, Med,
2 GW Bro r)'I"Loose NF 2 L
] ~ Well Graded 2 !oose gravel .
. ML|SILT = Med. Brown, Sand) i\ ;‘;:‘?:‘:f;bf:::
' t lasticit 4 ou! N
, CE (TILL) Low Plasticity \ out of hole..
6 CLAY - Grey “ '
~ Some Silt €
Cl - Med. Plasticity
84 8
F
o 3 ) [Te) Fat LF ,:
V- 0-5%

124 2 J
141 14

4 -~ A Few |solated = 2
16 1 Pebbles 16
18 18
204 END OF HOLE 19! 20
22/ 22
241 24
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E.W. BROOKER & ASSOCIATES LTD. | DRILL HOLE REPORT DEPARTMEN}&%@%J[BEU%,\GV}?@A(S CANADA
DWN:A[B [FIELD ENG: NRM [DATE DRILLED24 /2 /7BAIRPHOTO NO: A22774 - 55 |CHAINAGE: 3449 +22 |oFFsET
KD LAR  [TECH IK RS Mgyhew  |SURFACE DRAINAGE: Good toMNorth | VEGETATION: Block Soruce & Birch  |ELEV. 325.3 TEST hoLE
> lz.t 2 g ICE AP » |» fmie |Bes (numses
ECluxly |3 [53|a2| sow DEsCRiPTION 5 &| DESCRIPTION |z O = WATER CONTENT (% OF ORY WEIGHT) - Tel12-2-~
FHEHEE RS £ °g S| O=ICE CONTENT (% OF SAMPLE VOLUME) I 213|325z 659 3 2
“Ee ®jaE 2 gg 20 Pll:?:lrrlc "_:{’_'_'L:.zhll;:g wo 100e]| Yo| Y| % | % E._ E“ REMARKS
"GRAVEL - Med. Brown ‘ South Bank Elliot
2 - Scmdy 2
1 Sp - = Poorly Groded i
- Dense
4 - Trace of Silt 4 /
2 - andClay vl
6 6 “\
s el \\
SAND - d
pF M:?uvehmw silty NF .L
0!3 : - Trece o Cay to io bl 8 [20155| 17
CLAY - Grey NB I
2 : - Some Silt
cl - Med. Plasticity | F 12
41 14 \
4 = A Few Isolated L
164 Pebbles 6 ‘R
181 i8 \\
201 5 ' 20 L
221 22
vV 0-5%
L e Sty L ST PSS S St U AP 24
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E.w. BROOKER & ASSOCIATES LTD.

DRILL HOLE REPORT

DEPARTMENT OF PUBLIC WORKS, CANADA
MACKENZIE HIGHWAY

own: ALB

DATE DRILLED24 /2 /73AIRPHOTO NO:

A22774 ~ 55 |cHAINAGE: 3449 + 23

cks LAB

RIG- Mavhew

SURFACE DRAINAGE: Good to North

[ vEGETATION: Black Spruce & Birch

TEST HOLE

DEPTH

(FEET)
SAMPLE
NUMBER

SOIL  DESCRIPTION

SAMPLE
TYPE
RECOVERY
PENETRATION
RESISTANCE
UNIFIED
SO0IL SYMBOL

Y%
FROZEN GROUND

LIMITS  OF

iCE

DESCRIPTION

DEPTH
(FEET)

C = WATER CONTENT (% OF ODRY WEIGHT)

{33 ICE CONTENT (% OF SAMPLE VOLUME )

PLASTIC I Ligud
Lfﬂlf

0 80 30 i00

MILE

B,C,S {NUMBERY

SILT
SAND

659

S 2

(PCF)
DRY DENSITY
(PCF)

21 cLay
32 | amaveL
WET DENSITY

REMARKS

26

28

32

34

361

42

44

45

Same as above

V=-0-5%

n
]

END OF HOLE 30'

£
N

b
[+

Stoughing in hole.
Could not drill past
30'




E.W. BROOKER

8 ASSOCIATES LTD.

DRILL HOLE REPORT

DEPARTMENT OF PUBLIC WORKS, CANADA
MACKENZIE HIGHWAY

DWN: AR [FIELD ENG:  NRM |DATE DRILLED2S /2 /78AIRPHOTO NO: A22774 — 55 | CHAINAGE: 3442 + 50 {OFFSET TEST HOLE
CKD- AR ITECH® RIG Mavhew SURFACE DRAINAGE: G to South | VEGETATION: Birch & Black Soruce lecev- 334.7!
rlz .l ¢ % ICE g:iﬂr-ssilszg » I» JMILE 1BCS
T wel|, 'g ] Sg- SOIL. DESCRIPTION % | DESCRIPTION xe| O =WATER CONTENT (% OF DRY WEIGHT) »i,lol® R
IR R EHER "z S O\=ICE CONTENT (% OF SAMPLE VOLUME) <[ 5h =z gslas]es9 S
°=133(3z| = |43 E3 e N o PLASTIC LIQuID °lelal8faj,e
@“x|ln Wow [ —— | w e~
®je¥|Ta Iz 20 MIT I LT 100 %|%|%[%i® | REMARKS
GRAVEL- Med. Brown Loose sand &
- Sandy i
1 stoughin
2. : G W1 - Looss NE + grave gning
-~ Well Graded
4 SAND - Med. B )
- ed. Brown
2 SW = Silty x\ (3) (70|27
fo - Gravelly, Traceof B
= Dense SIlt " NB \
SF \
8 '
- Med, Brown \\
- Some Clay N
1013 - Silty ran 5
- Low Plasticity v 0-5% /
" / ..
" CLAY - Grey /
| - Silty
4 c - Med. Plasticity
Unfrozen
18;
2043
END OF HOLE 20°
221
241




E.W. BROOKER

& ASSOCIATES LTD.

DRILL HOLE REPORT

DEPARTMENT OF PUBLIC WORKS, CANADA

MACKENZIE HIGHWAY

DWN: ALB |FIELD ENG:  NRM/DATE DRILLEDS/2/73|AIRPHOTO No: A22774 =56  [cHaNaGE: 3452 +62 OFFSET
- TEST HOLE
cKkD- LAB |TECH: JK _{RIS: Moyhew SURFACE DRAINAGE: Good to North [ veceTaTion: Black Spruce & Birch [ELEV:  335.2°
5 GRAIN- SIZE
iz | 2 g iCE ANALYSIS > | JMILE |BC,s |NUMBER
EE we 'é‘ EE ,_.,g- SOIL DESCRIPTION & & | DESCRIPTION ":‘:E O = WATER CONTENT (% OF DRY WEIGHT} - 1.] s g i: g__ 659 S 4
bplgsigyw| o [EE)Ee oz Gw! (=ICE CONTENT {% OF SAMPLE VOLUME) 121 212|858
°= EE ;,: = |2z133 s e PLASTIC LiQuiD bl B Sl B S 3]
R |azf » ze LT eo LT 06 toos Yol | %% (X |° REMARKS
PEAT - Reddish Brown Vo 10-15% Elliot Creek
Pt ~ Fibrous
2 - 2
1 GRAVEL - Reddlsh Brown
GW - Sendy, Some S11t 3
4 - loose 4
2 - Well Groded \ (12) {36 |52
6 | NF 6 \\
/1_ | SAND - Med. Brown 1
8 pF =~ Med. Grained 8
to =~ Loose, Silty
ol 3 SP = Poorly Graded F 10 \T
CLAY - Grey 1
121 - Sllty 12 \
. Ci - Med. Plasticity ]
14 - Trace of Fine Sand NB® 14
4 !
161 8 if
184 ie !’
204 5 20 i
END OF HOLE 20*
221 22
24- 24




DEPARTMENT OF PUBLIC WORKS, CANADA
E.W. BROOKER & ASSOCIATES LTD. DRILL HOLE REPORT MACKENZIE  HIGHWAY

DWN: AR [FIELD ENG:  NRM]|DATE DRILLED-3/2 /73] AIRPHOTO NO: A22774 - 56 | CHAINAGE: 3455 12 [oFFseT TEST HOLE
CKD- LAB |TECH- JK __[RIG: Mavhew SURFACE DRAINAGE: Fair to North [ VEGETATION: Black Spruce & Birch [ELEV: 336.5¢
" GRAIN- SIZE
:13.] 3 g ICE ANALYSIS : |z MILE (B,C,S [NUMBER
EE we il %‘ E g 2 E SOIL DESCRIPTION 1 & DESCRIPTION E: QO = WATER CONTENT {% OF DRY WEIGHT ) - - a 'g" :: E: 659 S 5
buidaidwl o |ed|Ea -z Su| {):ICE CONTENT (% OF SAMPLE VOLUME) S22 312 |8c|80
oZlXx3 3| & uE F ] alk o | a @ | 3 ], ai,a
az|z+ . 123153 ¢ PLASTIC LiQuID el § oo REMARKS
F | @ 5& Lmrro' - o t Lrsnsl‘r 100 0o+ %1% | % | %i® a «
SAND - Med. Brown Efliot Creek
- Med. Grained
2 - Silty 2
! SF " = Dense {
a - Gravélly from NF 4 \
2-5 to
2 s
NB T
6 : - Fine 6 l
N ¢ \\ ‘

CLAY - Grey F -
- Silty
121 Ci - Med. Plasticity 12
- With Some Fine
141 Sand NB 14
4 9
6 4 . , 18
181 18
201 5 20 - =
221 22

2al END OF HOLE 23' 2a
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E.W. BROOKER & ASSOCIATES LTD. | DRILL HOLE REPORT DEPARTME}?,‘T&ENP%%U%%VQ@ES CANADA
OWMALR |FIELD ENG: NRM [DATE DRILLED-3/2/7JAIRPHOTO NO: A22774 - 56 . | CHAINAGE. 3451 750 TorFseT Ep—
CKD- | A TECH: JK___IRIS" Mavhew SURFACE DRAINAGE: Good to North [VEGETATfON Black Spruce & Birch leLey: 33307

z iz, ¢ g IcE ALy 2E = |z IMLE |Bes  [numser
Ztlwxi, 13 |52]oc%| soiL DEScRiPTION & &I DESCRIPTION |z f O = WATER CONTENT (% OF DRY WEIGHT) N o T2 12~|3- ,
SE|g83y| S 25|85 "z G| (37 ICE CONTENT (% OF SAMPLE VOLUME) 3223 |8cl851859 | S 6
CTEET *® §§ =§ gg Ptfiflrri: 80 L'i‘z'g;? 100 oo+l Yol % | % | % h;‘u Ev REMARKS
Pt { PEAT - Reddish Brown )
- Fibrous V = 10-15% & Elfiot Creek
21 2
1 ' - | GRAVEL - Med. Brown
. - Sandy \
8 GP ~ Loose 4 L
2 ~ Poorly Graded NF N
6 6 v
. - AN
SAND - M!ed. Brown \\
: - Silty : '
1013 SF - Some Gravel 1o \r (28) . 67 ;10
- Fine to Med. F
2 CLAY = Grey 12
SILT -  Med. Plasticity
14 14
4 Ct NEB I~
16 16
i8 ) 18
20 20 :
5 o :
221 22
A —f—F bt e ___ e ST — 24
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E.W. BROOKER & ASSOCIATES LTD. | DRILL HOLE REPORT DEPARTMENT OF. FUBLIC WORKS, CANADA
OWN: ALB [FIELD ENG-  NRMIDATE DRILLED3/2 /73| AIRPHOTO NO: A22774 - 56 JCHAINAGE: 345| + 59 [OFFSET TEST HOLE
CKD [AB ([TECH JK [ai6  Mavhew SURFACE DRAINAGE: Good to North | VEGETATION: Block Spruce & Birch ELEV: 333.0"
>zl ¢ z IcE ALy ot » |» fme fecs |wumeer
2o lgel. S §§ o%| sow DpescriprioN % &1 DESCRIPTION |z O = WATER CONTENT (% OF DRY WEIGHT) s 1. 1el2l2-|2-]6s9 S 6
srlagizy S |Eg|g= "z S5| O:ICE CONTENT {% OF SAMPLE VOLUME} 32z : 858
NEE g: *|2a|53 5 o= PLASTIC LiguID Sl oo F o
R jie] w -’_;E LMY ’_—‘o-—' LMiT 0o 1woel 1% | %l%[* o REMARKS
CLAY l
7 SILT ~ Some As Above ) T
26 26
NB.
28 28
cl I
» 8 F 30 T
32 o 3 \\
34 34 \ : .
9 4 %
361 _ 36
1 | V- 0-5% \
. | \
sf 38
40{10 L L
42 42
a4 END OF HOLE 43" ad
48 46
% 4ﬂ




E.W. BROOKER & ASSOCIATES LTD. | DRILL HOLE REPORT DEPARTMENT e R kIC, WORKS , CANADA
OWN:AT R |FIELD ENG. N RM |OATE DRILLED 3/2 /73] AIRPHOTO NoO: AZ2774 - 56 {CHAINAGE: 3450 + 43 {OFFSET
KD LAB TECH- 1K RIG- Mayhew SURFACE DRAINAGE: Good to North  [vecetation: Black Spruce & Birch [ecev 330.0° TEST HOLE
3. 2 g ICE NALYSE . | B8,C,S [numBER
EE wal, z E:z: SE' SOIL DESCRIPTION & &| DESCRIPTION [x | O = WATER CONTENT (% OF DRY WEIGHT) N T2 5 |52
SEISFIEE| v iR’ w3 S| {=ICE CONTENT (% OF SAMPLE VOLUME) IR Geide S 7
CIS2[8&- L [258i335 5 o= PLAST i B N Y P
S ie 20 t{?urrl: "—m-—ﬁ'_z.z:? 0o 1004 Yo | %| % | % |* |5 REMARKS
pt |PEAT - Reddish Brown N -
- _Fibrous V=-10-15% Elfiot Creek
21 GRAVEL- Med. Brown 2
1 SAND - Loose ?
- Poorly Graded
* GP NF 4
2 to
6 SP €
8- e
10t 3
SAND - Med. Brown F o
SP - Eine, Uniform
124 - ense 12
CLAY - Grey \
- Silty \
141 - Med. Plasticity 14
4 Cl ),
161 NB 16 \‘\
181 18 \\
2015 20 ‘L
221" 22
2] END OF HOLE 23' va




E.W. BROOKER & ASSOCIATES LTD.

DRILL HOLE REPORT

. @

DEPARTMENT OF PUBLIC WORKS, CANADA
MACKENZIE HIGHWAY

DWN:ALB _ [FIELD ENG: INRM [DATE DRILLED 3/2 /73 AIRPHOTO NO: A22774 = 53

| CHAINAGE

3447 + 50

|OFFSET

' TEST HOLE
CKD-LAR | TECH: JK___[RIG: Mayhew SURFACE DRAINAGE: Good fo south |vscsmnou Black Spruce & Birch [ELEV: 309.0°
a GRAIN- SIZE
£ 13,1 8 3 ICE ANALYSIS > |» IMILE [BCS |NuMBER
Eblwel E Tz|aZ| soiL DEscRiPTION S = | DESCRIPTION Ev | © = WATER CONTENT (% OF DRY WEIGHT) R I A z,: g: 659 s 3 |
§‘-‘~‘ r;‘: gg S EE Ce wZ 3§ {33 ICE CONTENT (% OF SAMPLE VOLUME) E I e l
— paig - o A
a2 g: * '53 EH ';-3 e~ PLASTIC LIguID “le el K5
F e @ S < 20 ““'Io 20 Lla%" 100 wos] ol % | % |%|* |° REMARKS
. _ iot
GRAVEL - Med. Brown Elliot Creek
2 - Loose F| NF 2
1 G P = Med. to Coarse
Sand
4 - Poorly Graded 4
—54
€ CLAY - grey, silty: 6
med. plastic
s END OF HOLE 5¢ e
_ {Loose gravel
1o sloughling Into 1o
hole)
12 12
144 - 14
IG- le
IB- ia
20‘ 20
22‘ 22
241 24




E.W. BROOKER & ASSOCIATES LTD.

DRILL HOLE REPORT

DEPARTMENT OF PUBLIC WORKS, CANADA
MACKENZIE HIGHWAY

Dwhn: ALB _ IFIELD ENG:  NRM {DATE orILLED3/7/73[A1aPHOTO NO: A22774 - 5% E————
CKD- LAB  [TECH: JK__[Ri6°  Mavhew SURFACE DRAINAGE: Good to Spouth ]vssemnon Black Spruce & Birch 3TH.G7
% i3 3 2 ICE > | JMILE |8.C,s |NumBER
c8 b ; e fE
EE 3:‘ . g :'?: 32 SCIL  DESCRIPTION 1 z DESCRIPTION EE O =WATER CONTENT {% OF DRY WEIGHT } . N - E @ = :: 659 s
Gvigalgul o |=2|25 o Z wwi (N=ICE CONTENT (% OF SAMPLE VOLUME) I 213 185180
ok |23 5, x [w® Ed - ﬂ Q& L “ w g [ o
a3+ . {23]55 ig = Lieuio et gt
Fite e S8 ! ' o |3 |8 REMARKS
GRAVEL- Med. Brown )
GP - Loocse Elliot Creek
21 - Sandy NF 2
- Poorly Graded
a CLAY =~ Grey, Silty “
- Med. Plasticity N
NB jT
& 6
8/ ClI s
101 v 10 &
0-5%
12 12
. ]
14 END OF HOLE 13 o
'6‘ T3
18' is
22' 22
241 24
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E.W. BROOKER & ASSOCIATES LTD. | DRILL HOLE REPORT DEPARTMEN T e lTRLIC, WORKS , CANADA
OWN ALB JFIELD ENG: NRM |DATE DRILLEO3/2/73 | AIRPHOTO NO:A22774 -~ 56 |CHAINAGE: _ 3444 + 83 |oFFsET .
cxD [AB _ [TECH: JX [RI6° Mayhew SURFACE DRAINAGE: Good to South | VEGETATION: Black Spruce TeLev. 329.3° EST HOLE
z 5. 2 2 cE AL oZE = |r JMee |ses |wumser
EClusl, | 5 |58lo¥| sow oescripTion § | DESCRIPTION {x | O = WATER CONTENT (% OF DRY WEIGHT) T Tale-|z-
Brisslay S |55 < “Z S| 0= ICE CONTENT (% OF SAMPLE VOLUME} S22z (8555099 ] S 10
Il A SCH 13 1z Pt?:urr'c e ng-;f? wo  00al %1% | % | % $-15- REMARKS
pt| PEAT - Reddish Brown V.
- Silty, Fibrous 5-10% Y
2 sp{ SAND - Med. Brown 2
1 ~ Loose NF ]
o ;2 =~ Gravelly . N\
! - Poorly Graded 4 N
2 "= Med. Brown B
. - Silty . )
- Fine \
- Dense \
24 - Uniform N8 8 1
CLAY ~ Grey
013 - Silty N 7 ' . . - i
- Med. Plasticity FI V
124 Cl 0-5% 12 ]
14 14
4
16+ . NB 6
18 18
201 5 20 Jr
221 22
24.__‘.-.._..-;._. ______________ F = - — e — ] 24
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E.W. BROOKER

& ASSOCIATES LTD.

DRILL HOLE REPORT

DEPARTMENT OF PUBLIC WORKS, CANADA

MACKENZIE HIGHWAY

DwWN: ALB [FIELD ENG.  NRM|DATE CRILLED-3 /2 /73

AmPHOTd NO: AD2774 - 54

3444 4 83

|oFFseT

CKD L}\B TECH" JK RIG- AAtheyv

SURFACE DRAINAGE: Good to SOUtLh

| VEGETATION: Black Spruce & Birch Jerev 329.37

TEST HOLE

DEPTH
(FEET)

SAMPLE

SOM. DESCRIPTION

HUMBER
SAMPLE
TYPE
RECOVERY
PENETRATION
RESISTANCE.
UNIFIED
SOIL SYMBOL

Y%

FROZEN GROUND

LIMITS ©OF

ICE

DESCRIPTION

DEPTH
(FEET)

E3

O = WATER CONTENT (% OF DRY WEIGHT}
{3z 1CE CONTENT (% OF SAMPLE VOLUME)

GRAIN- SIZE
ANALYSIS

CLAY
SILY
SAND
{PC F)
DRY DENSITY
{(PCF)

WEY. DENSITY

52 | eraver

[+ o, 0,
100 wo+l Yo | % | %

B,C,s

NUMBEF

S

10

REMARKS

26

28

32

34

36

42

a3

46

CLAY

bt 1]

Ct - Some as above -

NB

END OF HOLE 28"

n
(]

38

42




E.W. BROOKER & ASSOCIATES LTD. | DRILL HGOLE REPORT DEPARTMENEC?(FEEE%%U%EJ’Q@KS CANADA
DWN:AL B FIELD ENG: INRM_|DATE DRILLEDS/2/73]AIRPHOTO No: A22774 = 56 |cHamAGE: 3443 + &5 4l |OFFSET TEST T
CKD- LAB  [TeCH: JK RIG. Mayhew SURFACE DRAINAGE: Good toSouth [ vEGETATION: Black Spruce & Birch leLey: 33Z2.37 EST HOLE
84| 8 g ICE ~ [Anacyare » |z JMILE IB.C,S INUMBE
ZCluxi, | 5 |58|e2| soL opescripTion 5 | DESCRIPTION |z | O = WATER CONTENT (% OF DRY WEIGHT) N T2 18-]3- /
sg|ligige| 8 |ERiga " §4| O=ICE CONTENT (% OF SAMPLE VOLUME} I 2] 3]z |8ci85)65% | s |
T EIE- TR Ed =] alk w | & | & Y e st
i e a EE 20 P‘I:T:ITI'I:I o 'Lll.?::g 100 100+ %1 % { % o I; -3 REMARKS L
SAND - gf:;eﬁ':“’“ Elliot Creek
2 ' = Loose 2
L Sp = Poorly Graded NF
to
4 4
2 SF . \
- Med. Brown ‘\
6 ~ Medium NF 6
- Silty to \
s - Dense - NB s \
- Some Gravel
- F
013 - 10 . i
CLAY ~ Grey r :
- Silty / -
2 f‘L - LOW - Med. 12
C . . [
Plasticity
to NB
14 Cl 14
4
16 - . i6
181 :]
2015 ~ Troce of Fine Sand 20
224 | 22
END OF HOLE 23' J
241 24 -
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GRAINSIZEDISTRIBUTION

SAND
CLAY SILT FINE [ mMebium | COARSE GRAVEL
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GRAIN SI{ZE IN MILLIMETERS
L= proscer  MACKENZIE HIGHWAY

€0Q

E.W. Brooker & Associates Ltd.

sampLe pEscripTion SAND, GRAVELLY, TRACE

F SILT & CLAY

sosNo, EDT7 pate APFIT 11773

SAMPLENo. 059 = C - 2

T
DEPTH >




GRAINSIZEDISTRIBUTION

PERCENT SMALLER
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30
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10

7 - 9 FNOd

SAND
CLAY SILT FINE [ MEDIUM | COARSE GRAVEL
o o .
s e e 2 § 8 ¢ 2 24 < 3 N
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100 -
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90 —9
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70
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GRAIN S1ZE IN MILLIMETERS

& oroseer  MACKENZIE HIGHWAY

soBNo, = 20/ . DATE Apri T 12773

sampLe pescription _ SILT, SOME CLAY SAMPLE No. 659 T C =1

E.W. Brooker & Associates Ltd. DEPTH 5




PERCENT SMALLER

RNNON
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10

GRAIN SIZEDISTRIBUTION
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E.W. Brooker & Associates Ltd.

GRAIN SIZE IN MILLIMETERS

SAND, SILTY, SOME
SAMPLE DESCRIPTION

MACKENZIE HIGHWAY

DATE

SAMPLENo. 659 - § - 2
TO’

GRAVEL, TRACE OF CLAY
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60

50

30

20

10



PERCENT SMALLER

0o
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50

39

20

i0

GRAINSIZE DISTRIBUTION
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MEDIUM | COARSE
8 8 o Qo o o Q o o s
o - © B ¥ 0 o - - @ < i 2 3
# # # % # # * #* * *® * = - Ly]
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90
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&0

50

30

20

10

y - 9 RNOH
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GRAIN SIZE IN MILLIMETERS

PROJECT MACKENZIE HIGHWAY

JOBNo. E-517 DATE __April 12/73

SAND, GRAVELLY, SAMPLE No. 6§q - S - 3 INPL

E.W. Brooker & Associates Ltd. . TRACE BF SicT ' DEPTH 5




PERCENT SMALLEH
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GRAINSIZEDISTRIBUTION
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E.W. Brooker & Associates Ltd.

GRAIN S1ZE IN MILLIMETERS

SAMPLE DESCRIPTION GRAVEL 2 SANDY 3

SOME SILT

prosct  MACKENAIE HIGHWAY

JoBNo. E-517 DATE APH] 9/73

SAMPLE No. 659 - S - L
DEPTH 57
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GRAINSIZEDISTRIBUTION

PERCENT SMALLER

100

80

80

70

60

30

20

10
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GHRAIN SIZE IN MILLIMETERS
erosscr  MACKENZIE HIGHWAY
JOB No. E_517 DATE Apl‘i] 12/73
sampLE DEscripTioN _SAND, SILTY, TRACE SAMPLENo. 659 - S - &

E.W. Brooker & Associates Ltd. OF GRAVEL peprH  10°




SUMMARY OF TEST RESULTS _ JOBNo.___E = 517

ELLIOT CREEK CROSSING

BORE | ... N aant WA“erberg Limits MECHANICAL ANALYSIS SOIL
HOLE CONTENT L WP Pl {M.I.T. CLASSIFICATION} CLASSIFICATION REMARKS
feet % % % % % CLAY % SILT % SAND |% GRAVEL (UNIFIED)
659-C-2 5 (1) 56 33 SW
659-C-4 5 9 78 13 sp
659~5-1 10 22.0 40.7 | 23.7117.0 cl
659-5-2 10 18.5 |20.5}17.8|2.7 | 8 20 | 55 17 SF
659-s-3 | 5 (3) 70 27 sW
659-S-4 5 {1 42) 36 52 GW
659-5-6 10 ‘ (2 13) 67 10 SF
659-5-9 5 25.0 ho,2 [ 24.2]16.0 o " ISolube Sulphates 0.43%
2 pH 6.5
(2
=2
2
o
[}
~I

EBA ENGINEERING CONSULTANTS LTD.




