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. INTRODUCTION

In conjunction with a geotechnical engineering study carried out from
Mile 725 to Mile 632 of the proposed Mackenzie Highway, several major
river and stream crossings were investigéted. The Hanna River Crossing,
whose geographic location is shown on the Key Plan, Drawing No. A-1,
Appendix A, is one such site investigated in detail. Details of the
investigation, site conditions, geotechnical data and recommendations

pertinent to the development of the river 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.

n. GEOTECHNICAL DATA AQUISITION

2,1 Field Testing

The evaluation of ﬁubsurface conditions has been based on field data
obtained from thirteen boreholes, drilled at the locations shown on
the Site Plan, Drawing No. A-2, Appendix A. Of the thirteen boreholes
advanced, two 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 river

crossing.

The special boreholes consisted of Boreholes 669-S5-1, 669-5-2, and
669-S-4 to 669-S-12, inclusive. The two center line boreholes were
designated Boreholes 669-C-6 and 669-C-7. Detailed borehole logs are

presented in consecutive order in Appendix B.

| ﬁ Enginegring Consultants Ltd.
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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 air return clrculation system. Boreholes advanced '
with this drill rig generally were 4-3/h inches in diameter. Borehole
penetration ranged from 15 feet to 51 feet; and averaged 30 feet in

depth. Sampling consisted of representative bag samples, obtained at
depths of 2-1/2 and 5 feet, and at depth intervals of about 5 feet,
thereafter, to the bottom of each borehole. Two core samples and one
Shelby tube sample were obtained from Boreholes 669-5-9 and 669-5-12,

respectively.

2.2 Laboratory Testing

Laboratory testing was carried out on disturbed soil samples to determine
the natural water content profile, Atterberg limits, grain size distrlbutiqn,'
soluble sulphate concentration, and pH of the subsoil. The moisture Q
content tests were undertaken in the field laboratory of EBA Engineering
Consultants Ltd., while all other testing was confined to the EBA Edmonton
laboratory. One unconfined compression test was performed on thawed
undisturbed clay, the result of which.is noted on Drawing No. C-6,
Appendix C. In addition to the laboratory testing outlined above, all
samples were visua]lyvclassified In both the EBA field and Edmonton
laboratories. Soil classification was based on plasticity, according to

*
(1) » and on textural classifi-

(2)

the extended Unified Classification System
caglon according to U.S. Engineers Department textural classification

triangle.

* Superscripted numbers in parentheses refer to the List of References

presented at the end of this report.

ﬁ Engineering Consultants Ltd.
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Frozen ground was classified according to a modification of the NRC

(3). This modification was necessary

system for describing permafrost
because the dlstdrbed nature of the samples obtained did not permit

full usage of the NRC system; especially in describing the form of

the excess ice. The system used fetaihs 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.
Excess ice quantities were estimated from visual observations. The
results of laboratory tests are presented on the borehole logs (Appendix
B), where applicable, and on grain size distribution curves,IDrawings
No. C-1 to C-5, inclusive, Appendix C. - Drawing No. C-6 presents a
partial summary of laboratory results.

i, SITE CONDITIONS

3.1 | Surface Features and Geology

The proposed Mackenzie Highway crosses the Hanna River at Mile 669.4,
approkimately 38 miles north-west of Norman Wells, N.W.T., Drawing A-1,
Appendix A, is a Key Plan of the Hanna River area and Drawing No. A-2,
Appendix A, presents a detailed Site Plan. Plates 1, 2 and 3, of
Drawing No. A-3, Appendix A, show the crossing from the air in both
'February and June, 1973. '

The Hanna River drains a large area extending east of Paige Mountain

and south-east of Brokenoff Mountain. Moon Lake appears to be the principle
reservoir of the Hanna River system, but several smal]er'lakes“hay

also contribute substantial base flow, as they are probably spring

fed throughout the entire year. The large watershed of the Hanna River
results in a substantial stream flow throughout the summer and fall.

In the winter there is probably a continuous flow of water under the

ice.

B % Engineering Consultants Ltd.
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Aerial photégfaphic interpretation of the surficial geology of the
immediate area of the Hanna River Crossing, is shown on Drawing No.
A-2, Appendix A. The surficial materials are believed to be

~glacial lake basin sediments, with peat being noted in depressions.
Active flood plain and alluvial meander plain deposits exist in the
immediate vicinity of the Hanna River channel. A terrain legend, which
describes the symbols used in the terrain analysis, is presented

as Drawing No. A-2a, Appendix A.

3.2 Subsurface Conditions

Based on observations from the boreholes, inférred stratigraphic sections
along center line and on two cross-section lines have been compiled and
are ﬁresented as Drawings No. A-4 and A-La, respectively, Appendix A.

The generalizéd center liné stratigraphy noted at the site is summarized
in Table 3.2.1, following.

TABLE 3.2.1
. STRATIGRAPHY AT HANNA RIVER CROSSING

APPROXIMATE AVERAGE AVERAGE RANGE

DEPTH BELOW OF THICKNESS
EXISTING GRADE (FT)

MATERIAL DESCRIPTION (FT)

PEAT black, fibrous, silty 0-1.5 1 -2

(BH's V 35% - Lo%

669-5-6

8 .

669-5~12,

only)

CLAY low to medium plasticity, Below 0 Not

=SILT brown to grey, some sand, Established

M/C 21% - 284% (avg. 48%),
unfrozen to frozen,
V0% - ice

' : ﬁ Engineering Consultants Ltd.
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" The following additional information, which may influence design or
construction decisions, was also obtained during the field investigation.

{

1. The maximum depth of borehole penetration was 51 feet.

2. Partially unfrozen material was observed below 12
feet in depth in Borehole 669-5-6, 30 feet in depth
in Borehole 669-5-7, 30 feet in depth in Borehole
669-5-8 and 25 feet in depth in Borehole 669-S-11.

3. A silt layer, 9 feet in thickness, was noted at and below
the ground surface at the location of Borehole 669-5-2.

4, lce was recorded in the upper 3 feet of Boreholes
669-C~6, 669-C-7 and 669-5-7.

5. No borehole information is available in the bottom
of the creek channel to indicate the type and nature
of underlying subsoil materials.

v, CONCLUSIONS AND RECOMMENDATIONS

41 Foundation Types\

At present, preference is given to pile foundation systems supported on
bedrock. However, final selection of a foundation system should be
determined In conjunction with economic and structural design considerations.
The following foundation types are believed to be feasible for a bridge
structure at the subject site.

ﬁ Engineering Consultants Ltd.
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1. Closed end pipe piles driven in pre-bored holes.
2. Driven steel H-Piles. i

4,2 Foundation Deslgg.

Major factors affecting the design of pile foundations at the Hanna
River Crossing are the occurrence of unfrozen zones within the subsoil,
a high percentage of visible ice, and high natural moisture content

at or near the assumed abutment locations of the proposed bridge.
Generally, the subsofl was noted to be frozen near the creek. However,
the noted unfrozen zones, in the general area of bridge construction,
and the possibility of unfrozen subsoil beneath the river flood plain
and channel, renders pile design, based on soil adfreeze principles,
hazardous. Consequently, it is considered that allowable pile bearing
capacities must be determined on the basis 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 dyanamic pile formulae

as a rational approach to the determination of pile capacities.
However, placement of piles through pile driving techniques will

likely be the most expedient method of installation.

Because of a lack of data with respect to soil strength and depth to a
frost 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 field and/or laboratory testing is considered
necessary.

: ﬁ Engineering Consultants Ltd.
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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 recommendations are presented
without know]edge of final design highway grades, geometrics, or bridge
design. Consequently, the recommendations presented may require
reconsideration when these factors become known.

b.2.1 End Bearing Piles

It Is considered that the only positive method of foundation support,
that will permit relatively high loads without excessive settlements
at the Hanna River Crossing, is an end bearing pile system achieving
support on bedrock existing beneath the site. However, due to
equipment Iimitations’the maximum depth of drill penetration was 51
feet, with bedrock not being encountered.

Based on a review of bedrock geology of the area, it Is believéd that
shale and/or sandstone bedrock of Upper to Middle Devonian Age () may
be expected at an unknown depth below the approximate abutment locations
of the proposed river 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
locations of bridge abutments and plers, is a necessary prerequisite to
determination of a final design pile capacity.

For preliminary design purposes, it is believed that consideration should
be given to the use of closed end pipe piles to provide end bearing
support in bedrock. It is recommended that piles with a minimum nominal
diameter of 12 inches and a minimum weight of 65 pounds per foot be

used. The design length of piles must be confirmed on the basis of
additional field drilling. |

% Engineering Consultants Ltd.



E-517 - - . Page 8

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 pile
~diameter to permit a snug fit. The pile holes should be prebored

at least 5 to 10 fee; into the bedrock, or until drilling refusal is met,
whichever is shallower, and the piles should be driven to at least |
the fqll prebored depth. A minimum driving energy of 24,000 foot
pounds is recommended. Steel H-plles are presently believed to be

less feasible, as preboring would result in loss of lateral support,
and installation without preboring to the anticipated depth is expected
to meet with high driving resistance. Confirmation of this, however,
could be achieved through the driving of test H-piles at the site.

A preliminary design load capacity of about 170 kips may be used for:
the foregoing recommended pipe pile section, if the piles can be driven
to 'refusal' in bedrock. It is considered that 'refusal' will
constitute a penetration of less than 0.1 inch per blow, measured over
the last fqot of driving with the recommended pile driving energy. It
is recommended that pile driving records be kept for all piles, for
immediate review by the 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.

k2.2 Eriction Piles_

Based on ayailable geotechnical information at the Hanna River Crossing,
it is believed that limited probability exists for the successful
installation of piles at the site, achieving their load carrying capacity
primarily through skin friction between pile and embedding soil. Hence,
the present lack of specific information, with respect to the strength

of insitu soils in an unfrozen condition, in combination with the above
belief that long term satisfactory performance is a remote possibility,
precludes the recommending of skin friction piles. |

o ﬁ Engiheering Consultants Ltd.
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Confirmation of the suitability of friction piles, presentation of
more detailed pile designs, and estimates of pile capacities can only
be made if additional more detailed geotechnical information of
subsurface deposits is obtained at the site. '

b3 Negative Skin Friction

The effect of'negative skin friction, on Individual piles 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 all clay and silt materials are thaw unstable and
consequently significant negative skin friction effects can be
anticipated in 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. ‘To limit the amount of
thawing of the subgrade, the loss of subgrade support, and the magnitude
of negative skin friction, fills should be placed during the winter
season. In order to further limit potential negativé 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 period possible 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 pile group that
may be installed at the subject site. Negative skin friction

develops due to the downdrag effect of the soil around the pile as it
thaws and consolidates. Table 4.3.1 presents suggested values (5) for
negative skin friction in typical soils. At the Hanna River 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.

Vr =
©0Q Engineering Consultants Ltd.
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TABLE 4.3.1
NEGATIVE SKIN FRICTION OF UNFROZEN SOIL FOR PILE DESIGN
(After Woodward Lundgren And Associates, 1971) (5)
Description of Soil Categories Design Negative Skin Friction
Clean sands and gravels with little or no P_ = 30d (X2 + 2HX)*
silt or clay. Typically: GW, GP, SW, SP
Silty or.clayey sand and gravel mixtures 700 PSF
with considerable amounts of silt and clay.

Typically: GM, SM, GC, SC, SF

Moderately plastic to highly plastic - 800 PSF
inorganic clays. Typically: CL, CH

Non-plastic to slightly plastic inorganic 350 PSF
silts and lean clays. Typically: ML, MH

Organic silts and clays. Typically: OL, OH 150 PSF

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

Load developed, 1bs.

Diameter of pile, ft.

Depth of overburden to top of granular stratum, ft.
Length of pile embedded in granular stratum, ft.

s

XIa™w

ﬁ Engineering Consultants Ltd.
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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 i
place in the natural subgrade which will contribute to negative skin
friction. This estimate assumes that the fill is placed during the

winter on a frozen subgrade.

4.4 Frost Heave of Piles

Frost heaving of piles can occur as the active layer freezes each
winter. During the cold winter months, the surface soils freeze and
bond to the pile at low temperatures. In soils containing silt and

clay this shallow surface adfreeze, if accompanied by ice lens formation,
exerts a heaving force on the pile which must be resisted by the dead
load on the pile, the available adfreeze bond in the permafrost, and/or
pile skin friction within unfrozen soil zones in which the pile is
embedded. ' o

In order to prevent pile 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 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 stre<ses for general permafrost soils are

(5)

presented in Table 4.4.1 and may be used for preliminary design

ﬁ Engineering 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 Category Design Adfreeze Bond
Stress, for

Frost Heaving Soils

Applicable Criteria

Any

(PSF)
Segregated Ice Water Content
Condition. of Soil %

1 ~above average No visible ice, 15 5000
sofl-ice (<1%) 15 = Lo 1000
condition

Il -average soil-ice Little visible 15 Looo
condition ice, (1 - 10%) 15 - bo 2000

Il -below average Occasional 15 2000
soil-ice visible ice, 15 - 40 1500
condition (11 - 20%)

IV -poor soil-ice Some visible ho 1350

- condition ice (21 - 35%) 15 - 40 1350

v -very poor soil- Considerable ho 900
ice condition visible ice, ,

(->35%) 700

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

A=
€0Q Engineering Consultants Ltd.
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4.5 _Subgfade-Considerations On Center Line

As indicated in Table 3.2.1, the stratigraphy on center line, on

both sides of the creek, is similar. Generally, clay and/or silt weré
noted from existing grade to the maximum depth of borehole penetration.
A thin organic cover was noted at one center line borehole location.
Estimated visual excess ice contents are generally high near the surface,
becoming lower with increasing depth. Moisture contents are high and it
is expected that very soft conditions will probably exist in unfrozen
soils dufing the summer season. A winter construction program is,
therefore, advocated to limit undesirable disturbance to the sub-grade
thermal regime. _ '

Qualltétive evaluation of shear strenéth of the silt and/or clay

can be made, from visual observations, ice content estimates, moisture
content profiles, and classification test results. In addition, limited
quantitative evaluation of shear strength can be made, based on the
single laboratory strength test on thawed undisturbed clay. Based on
these factors, it is concluded that on thawing, low shear strength will
exist In the silt and/or clay. Generally, below 25 feet from existing
~grade, the moisture content in the silt and/or clay is low enough that

it is expected to have a moderate shear strength on thawing.

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 ice 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 a total thaw settlement

on center line (approach fill about 6 feet in thickness) of about 1 to 2
feet can be expected for winter construction, and 2 to 3 feet for

ﬁ Engineering Consultants Ltd.
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summer construction. This estimate assumes thawing of subgrade soils,
but does not take into account normal consolidation settiement of the
unfrozen subgrade soils due to the surcharge effects of the road bed
fi11. In the case of peat soils, normal consolidation 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
sufficient thickness of fill is not placed to preserve the frozen
subgrade. Allowance for expected subsidence can be made by either
providing extra fill to compensate for the anticipated 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 : .
materials at the Hanna River Crossing. Local fine grained materials,

such as silt and silty clay, are not considered suitable for abutment

-or approach fills. The thickness of road grade material required to

prevent degradation of the permafrost can only be predicted after

-detalled theoretical analysis, which is considered tovbe beyond the

scope of this investigation. It is believed that fill placement

should be carried out during the late winter period to minimize thermal
disturbance, and possible damage to the existing ground cover and slopes
by fhe_construction equipment. Snow clearing should be carried out
prior to all fill placement. Placement of the fill should be undertaken
by end dumping with-subséquent spreading by dozing equipment. A minimum
initial 1ift thickness of 2 feet is suggested. Depending on
cqnstruction completion schedules, placement of fills may be staged for

several seasons or carried to completion as construction progresses.

| % Enginegring Consultants Ltd.
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It was not possible to drill through the ice 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 active stream channel. |t is impossible to estimate

the maximum depth of scour based on the available data.

It was noted at the time of drilling (first week of March, 1973)

that the river was covered with ice but there was water flowing under
the ice cover. It is probable that water continues to flow throughout
the winter. Therefore, a potential icing problem may develop with

respect to winter construction and maintenance.

L.6 Slope Stability Considerations

No evidence of recent slope instability was detected on either valley
wall in the immediate vicinity of the proposed crossing. The slope
~gradient along center line ranges from about 11 to 22 degrees (about

20 to 40 percent grade) in the immediate vicinity of the Hanna River.

Cursory slope stability calculations, utilizing implied shear strength
parameters for thawed materials and the surveyed slope configuration,
indicates a marginal factor of safety with respect to slope stability.
Consequently caution is advised when constructing on or in the vicinity
of slopes immediately adjacent to the Hanna River at the crossing site.
Detailed consideration of slope stability conditions at this site are
recommended. In any event, it is recommended that excessive fill
thicknesses be avoided near the crest of slopes. |In addition, cutting
or excavating of slope material is not recommended and desired grades

should be achleved solely through the placement of fill,

ﬁ Engineering Consultants Ltd.
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It is considered that rip-rap protection of the existing defined

river channel, upstream and -downstream of the bridge crossing, may _
be necessary to protect the stability of the crossing site. Bridge o
abutments should be set as far back from the channel banks as is
practicable. Fine grained fills should not be used for subgrade
construction on the flood plain as they are easily eroded.

4.7 Drainage Considerations

i

Approachrfills will concentrate runoff water along the upslope sides of
fills. Therefore, it is considered essential that éignificant effort
and care be taken to minimize 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 potential for erosion
by running water. Spacing of flow breakers will become apparent in

the field when drainage-courses and gradients become accurately defined.
Ponding of water adjacent to fills should be discouraged as ponded
water will act as a heat source for rapid degradation of permafrost.

It will also tend to reduce the shear strength of the subgrade soil

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 concentration and soil acidity. The soluble
sulphate concentration determined rates as positive and the pH test

result indicates a slightly acidic condition. It Is recommended that

the use of Type V Sulphate Resistant Cement be considefed, for preliminary

ﬁ Engineering Consultants Ltd.
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design purposes, for all concrete in contact with the soil, until )
further test results are available. Confirmation soil sulphate analyses !
can be performed prior to construction. A minimum '28 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 groundwater

level, corrosion 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 anticipated

low water levei, 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.

4.9 Additional Studies

In order to more accur&tely assess such factors as insitu shear strength,
thaw subsidence, and slope stability, it is desirable to obtain additional
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 laboratory
tests tb determine shear strength and thaw subsidence factors, and a
refined theoretical analysis of these factors, constitute the additional
detailed geotechnical information that is considered to be desirable.

ﬁ Engineering Consultants Ltd.
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In addition to the desirability of obtaining further detailed
~geotechnical information, it is.recommended that consideration be Ai
~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 materials that would be

representative of general foundation conditions at most of the proposed
bridge sites. Such tests would provide valuable design data on which
future designs of pile foundation systems could be established.

V. LIMITATIONS

The foregoing recommendations have been prepared based on our

knowledge of existing conditions at the Hanna River and the proposed
highway crossing. This knowledge has been derived from visual, physical
and analytical considerations of existing soil and slope

conditions, which were obtained from our field investigation.

The findings and comments presented are believed 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 conditions 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.

ﬁ Engineering Consultants Ltd.
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Respectfully Submitted,

EBA Engineering Consultants Ltd.

L.A. Balanko, P. Eng.

GRG:imh

|
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SYMBOL

AFP

AMP-2

GLB-1

GLB-2

Topstratum

TERRAIN TYPE -

Active Flood
Plain

Altuvial Meander
Plain (excluding

the Mackenzie
River Plain)

Glacial Lake
Basin (Better
drained type)

Glacial Lake
Basin (thermo-

karst type)

TERRAIN LEGEND

PHYSIOGRAPHIC FEATURES

Exposed bars in stream
or river channel

Flood plains filling
bottom of the stream

Lowland occasionally
swampy areas

Lowlands usually swampy
with thaw lakes

PT

Phases (Associated with Terrain Types)

MATERIALS DESCRIPTION

Sand and gravel in high
energy streams to silt
and sand in low energy

streams

Fine silt, sand or gravel
as channel deposits

lce-rich to medium
plastic silty clay,
occasionally with a
trace of sand

Usually peat covered

- glacio-lacustrine silty

clay

Mixed bog and fen peats in post glacial ponded depression

Complexes are shown as combinations of two terrain types with or without
phases that pertain to the parent type.

Terrain Symbols are modified from Canadian Gas Arctic Study Limited Terrain
Study for this area.

Drawing No. A-2a

EW.Brooker & Associates Ltd.
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PLATE No. .1

General Site plan-of

the Hanna River Crossing.
North is to . the right of
the plate. (June, 1973)

PLATE No. .2
Hanna River Crossing.

North is to the left
of ‘the plate. (Feb., 1973)

PLATE :No. -3
Hanna River Crossing.

North-is teo the bottom
of the plate. (Feb., 1973)

Drawing No. A-3

EW.Brooker & Associates Ltd.
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E.W. BROOKER 8 ASSOCIATES LTD. | DRILL HOLE REPORT | ~  DEPARTMENT OF PUBLIC WORKS, CANADA
DWN: ALB  [FIELD ENG:  GRG [DATE DRILLED]I2/2/73 AIRPHOTO NO: A22743-45 10 | CHAINAGE: 2909 + 15 IOFFSET _ TEST HOLE )
CxD- NRM ITECH: HC [RI6- Texoma [ SURFACE DRAINAGE: Good - South ]vsszmnon Bl. Sp. 10-20' Dense to |ELEV:  432.7° |
slz.] 4 g ICE _ Sparse PP » |> Juie [Bes |Numaer
It |ue $i-9la3| sow opeEscripTiON % £| DESCRIPTION |z | O = WATER CONTENT {% OF DRY WEIGHT} e EER
awW|owiw 1 g jfa|uy b . o, i < E Sw|Ewf 669 C ]
SRR EHE "z S8 ! O7ICE CONTENT (% OF SAMPLE VOLUME) 3121313 (|85]8¢
PEIAT e [2E|°8 1g _ Pt?::?:"—‘:"-"{i%!g oo 100l %1% | % | % g-lE- REMARKS
CLAY : ﬂi’g Brown . | Top of N. Bank of
O Hanna River.
24 - 2
i Ct = Llow Plasticity ICE (2395 _4
/
4 4 L]
//
2 v’ ;z ,
6 80-85% 6 /
/
F
s« [ I £+ v 0 | beemaaa--d 8 /
v /
10{3 - Dark Brown 20-25% 10 '\ﬂ/r ’
Cl - Silty J‘ -
12 = Med. Plasticity : 2 \
S NB \
".'4 - GCrey, . 14
el . END OF HOLE 15! 18
18 18
20 _ 20
221 ' 22
241 24




E.W. BROOKER 8 ASSOCIATES LTD. | DRILL HOLE REPORT DEPARTMENTC%Egg%—‘%ggggs CANADA
OWN: ALB _|FIELD ENG- GRG |DATE DRILLED] 2/2/73AIRPHOTO NO:  A22763-45 | CHAINAGE: 2918 + s5g {OFFSET TEST HOLE
CKD_NRM |TECH: HC |Ri6' Texoma SURFACE DRAINAGE:Very Good to NorthVEGETATION:BI,Sp. 5-10' Sparse ELEV:  4371.8
GRAIN- SIZE
= [5.| 81 g iCE ﬁﬁnf',,ssl's > | JMILE [B,C.s |NUMBE
Eflunl, g £2 02' SOIL  DESCRIPTION 3% DESCRIPTION e O = WATER CONTENT {% OF DRY WElGHT} N ol 8 |8~12~
sEieglgy S ESIE o Z U (3=ICE CONTENT {% OF SAMPLE VOLUME) lzi3|zlasias)ees fc |7
22135 L 183158 1§ T T B e e %% %[ %] 5| mewanxs
CLAY - Silty
CL - Med. Brown
2 i - Low Plasticity ICE 2 12753
|_—1
4 v 4 —
. ]
2 75-80%
6 S — 6
e [V _30-35% A
8 NB - 8 \
1013 ClI - Grey ' 10 7AY R )
_ ~ Med. Plasticity 30-35% \
to .
? NB 2 \
" 4 1P v | hecaeaea - 4 \
4 V_ 60-65% \ 16
o | END OF HOLE 15 s
20 20
22 ' 22
24 ' 24
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E.W. BROOKER & ASSOCIATES LTD. | DRILL HOLE REPORT PR T AR E N e iy + CANADA
owN: ALB |FiELD ENG:  GRG|DATE DRLEDI8/2/73 AIRPHOTO NO: A22763-45 | cHAINAGE: 2913 + 60 lOFFSET TEST HOLE 1‘
CcKD NRM {TECH: DY iri6: Mayhew SURFACE DRAINAGE ‘Well Drained | VEGETATION: Black Spruce |ELeV: 5091 |
: o GRAIN- SIZE ‘
{3, 8 H ICE ANALYSIS = |z JME {B.C,S [NUMBER
eloe $ 129103 soit DESCRIPTION % §] DESCRIPTION |z | O = WATER CONTENT (% OF DRY WEIGHT} > ol 822|122 669 | s 1 {
gslae g: S |E2|25 oZ Su| O ICE CONTENT (% OF SAMPLE VOLUME) R ERENED |
“l=3|3Z]| = (¥ §=-" ] oL ° s “lold-a >£
TIT = gEEe §§ : 20 t::‘?:'—so——ﬁl";%:g 0o oo+l Yo | % | % | % 58 REMARKS
oL | CLAY = Dark Brown \' North Bank of
to | SILT - 35-40% Honna River
z ] ML - Sundy‘(Fine) 2 A N
= Orgonic
4 Trace of Gravel v a \
) _ 20-25% 19
6 . F 6 =
8/ 8
0] 3 - Grey | 0 t :T/ 20 |52 o4 14 )
- Clayey, Sondy ] )
12 cl =  Med. Plasticity 12
~ (TILL - LIKE) ’
141 _ 14 'I
6. - Some Fine Sond NB e
18{ 4 18
20 . 20 l/
M /
224 . 1-5% 22
| . | A /
24{ +4+ 34—} 4+ - — — — — —— — L — — — 24
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E.W. BROOKER & ASSOCIATES LTD.

DRILL HOLE REPORT

DEPARTMENT OF PUBLIC WORKS, CANADA
MACKENZIE HIGHWAY

own: ALB |FIELD ENG:. GRG |DATE ORILLEDIS/2/7JAIRPHOTO NO: A22763-45 TCHAINAGE: 2713 + 60 |oFFseT TEST HOLE
ckD- INRM DY _|RiG. Mayhew SURFACE DRAINAGE: Well Drained ] vegeTATION: Black Spruce [ELEV: kg 1’
- GRAIN- SIZE
: g w s § ICE ANALYSIS ',-. : MILE B,C,S NUMBEFR
IT e RIS 1 SOIL DESCRIPTION % x| DESCRIPTION (x{ i O = WATER CONTENT (% OF DRY WEIGHT) FREM N
Wit O S |w> L - o, L FEEER R Y R S 1
LEiggige) S EEEn oz ww! {=ICE CONTENT (% OF SAMPLE VOLUME} 2121 <18 i8el80
MEHEE M 58 o= aasic, - SRR INFE '
#laacl w SE LM wos| Yol % | %] %I |° REMARKS

CLAY

SILT /
26 - Same as Above V=1-5% 26 l
28] 2 28 l

END OF HOLE 28'

0 . 30
321 3
3'1'*L 34
36] ap
381 38
401 40
42 42
44 54
46 46
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E.W. BROOKER & ASSOCIATES LTD. | DRILL HOLE REPORT O AR T A CKENT I Ty + CANADA
DWN: ALB [FIELD ENG:  GRG|DATE DRILLED18/2/7JAIRPHOTO NO: A22763-45 {CHANAGE2915 + 15 IOFFSET TEST HOLE 1
CKD NRM |TECH: DY |86 Mayhew SURFACE DRAINAGE: Well Drained | vEceTaTiON:  Black Spruce TELEv: 3983 |
sz ] 2 CE 4 HAT r |z JMre |Bes jnume:
Itlwel, 12152 o2{ SOIL DESCRIPTION $ &| DESCRIPTION [z | O = WATER CONTENT (% OF DRY WEIGHT) T ol g |2~~~
Belde g8 8 zSile Z Lu| = ICE CONTENT (% OF SAMPLE VOLUME) TR ENED 669 | S 2
“la3iari = (2 g‘-‘ o] oL B Bl L Dt —
CE 2 jEEICS §§ Pll-.‘l‘:s?; "'.—'To"—"l-ﬁ:::? oo 10s] | %] %! % 5 |5 REMARKS
SILT - Dk.d,Brown ' South Bank of
- San - : :
2 _ SomeyCth v 2 -~ o Honna River
! - Low Plasticity F 5-10% A
- Fine to Med. .
4 e
2 ML Sandy r
6 6
J & /
. o /1
3 CLAY - Grey a /
101 cu| ST - Silty \ o = ¢
' - Lowto Med. 10-15% -
12 ° Plasticity 2
Ci I
i4 v 14 J
1-5% A [
164 - 16 [’
181 4 = Med. Plasticity 16 . [
20 2048
224 : 22




' . DEPARTMENT OF PUBLIC WORKS, CANADA
E.W. BROOKER & ASSOCIATES LTD. DRILL HOLE REPORT MACKENZIE  HIGHWAY Pane 2 of 2 |
DWN: ALB [FIELD ENG: GRG |[DATE DRILLED. 18/2 /7BARPHOTO NO: [CHAINAGE: 2915 +°15 [oFFsET ] T '
CKD _ NRM|[TECH DY _[RiG.  Mavhew SURFACE DRAINAGE: Well Drained | veGETATION: Black Spruce Jerev: 398.3 EST HOLE
iz, @ g ICE : ' ANALYSIS » |z JMILE [B/.C.S [NUMBER
solusl, |2 158]28] son oescmieTion & &| DESCRIPTION [x | O =WATER CONTENT (% OF DRY WEIGHT) : -1z :';-'- 21 <59 S 2
SR wZ S &1 ()= ICE CONTENT (% OF SAMPLE VOLUME} {21 z]31a518
“la2ant EE %3 ;5 o= PLASTIC LiQuID bl el I el o
X |az] » Sk lefo'”"“'_.o— 'Lllalt 100 wosl %o | %l %|%[® |° REMARKS
CLAY - SILT . {
CL - Same as Above ’
26 to F | v-I-5% 26 f
Ci
z8{ |3 28
END OF HOLE 28°
LY 30
321 32
34} 34
361 ) 36
38 38
401
42 42
44 a4
46 a6
a8 48




'E.W. BROOKER & ASSOCIATES LTD. | DRILL HOLE REPORT DEPARTMENT Of- FYRLIC WORKS , CANADA
DWN: ALB |[FIELD ENG:  NRM|DATE DRILLED3/] /73| AIRPHOTO NO: A22763 - 45  |CHAINAGE: sa12 4 7€ ' |oFFseT TEST HOLE '
CKD. NRM [TECH: JK__[Ri6"  Mayhew SURFACE DRAINAGT Good to South | VEGETATION: Black Spruce [Ecev:  423.37 oL |
| > |5.| 8 £ IcE _ ' ANALYS'S r |z |MLE _|BC.S [Nume
It wet, E cE Sg- SOIL  DESCRIPTION S & DESCRIPTION 1= [ O = WATER CONTENT (% OF ORY WEIGHT) N o | @ I2~]2~
selis 283 Eg g wZ S| O=ICE CONTENT (% OF SAMPLE VOLUME) S| 31z = isclas 669 S 4
azia-t L |58)33 £ 8= R U 123 P
* ® (e8I A 3t 20 P'ET:.TT'CF‘-”—'LL?E;'? 0o s004l Yol %l % | %|*F |8 REMARKS
CLAY = Med. Brown )
- sty - i
’ [«}
2 1 - Lowto Med, Plastigity v 23 N b © “
- Trace of send 20-25% -
4 v — 4 //
2 ’ Cr'; 5-10% S 7
6 6
Cl /
s 8 /
- Grey ;
0] 3 - Silty F V. 10 /
0-5% [
2 2
ic- ~ Silty, Troce of sand 14
4 : NB ) 49| 44| 7
161. - 16
18 18
END OF HOLE 18!
20 20+
22 ' 22
241 24
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E.W. BROOKER & ASSOCIATES LTD. | DRILL HOLE REPORT |  DEPARTMENT &’E:’G’E%‘%Jé"&@ﬁs CANADA
DWN: ALB [FIELD ENG__ NRM]DATE ORiLLED3/1 /73] AIRPHOTO NO: A22763 - 45 |CHAINAGE: 2913 + 80 i oFFsET — ]
CKD INRM _{TECH JK__{RIS: Mayhew SURFACE DRAINAGE: Good to South | VEGETATION: Black Spruce TELEV.  hog 2 |
o GRAIN- SIZE
Pidu| B 2 IcE ANALYSIS > [» |MLE |8cs |NumeE
It|wal, | 2 [28|a®] soiw oESCRIPTION 5 &| DESCRIPTION |z | O = WATER CONTENT (% OF DRY WEIGHT) 1 NEIRE P e
HEIRHE R i G| O=1CE CONTENT (% OF SAMPLE VOLUME) 31213355088 5 .
E e 2ER 3 g eI -5 vou n v i o R
SILT - Med. Brown \' " .
CLAY - Low Plosticity 30-35% Hanna River
2 - Trace of Fine Sand 2
' Near T o
ear Top y //
4 5-10% | 4
2 CL N o]
61 to P T
Cl I
s . |
) = Clay-silty, Trace ; |
“l3 of ‘Sand, Med. o , 7 30|65 5 _
Plasticity /
12 12 7
¥
14 @ /
4 - Grey A ,[
16 = Low to Med. Plastickty] . T
F I
M |
18 0-5% i8 !
201 5 ' 2045 T[
221 | 22
e I (NP (UGN | g S A O —— 24
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DEPARTMENT OF PUBLIC WORKS, CANADA
E.wW. BROOKER & ASSOCIATES LTD. DRILL HOLE REPORT MACKENZIE - HIGHWAY
OWN: ALB |FIELD ENG: NRM IDATE DRILLED 3/]1 /73 AIRPHOTO NO: A22763 - 45 |CHAINAGE: 2913 + 80 {OFFSET _ TEST HOLE
CKD- NRM {TECH: JK RIG Mayhew SURFACE DRAINAGE: Good to South | VEGETATION: Black Spruce |ELey:  3UG.37 _
x|zl ¢ H 1CE AP s> |z |MeE |Bes |wumeed
Freg P s Z'ﬁ .- SOt DESCRIPTION 'a§ DESCRIPTION [z | O = WATER CONTENT {% OF DRY WEIGHT) N ol e |2-|3-~ _
AR "z S8 | (37ICE CONTENT (% OF SAMPLE VOLUME) MERE H N AR 5
MEE .‘::: M EEES 5 o= PLASTIC ,L1auD b bl B %t Fl
¥ |am} @ S8 20 L'm:o 80 Us'::” 160 100 + Yot %|%|%{* [° REMARKS
6 SILT - CLAY . /
26 cL - Same as Above 26
to Fi V- 0-5%
28 cl 28
END OF HOLE 28°
K 30
32 ' 3
34; ' 34 )
36 ’ 36
38, 38
401 40
42 42
44 44
46 46
48 48
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E.W. BROOKER & ASSOCIATES LTD. | DRILL HOLE REPORT DEPARTMENT OF FUBLIC WORKS, CANADA
OWN: ALB |FIELD ENG:  NRM[DATE DRILLED3/] /73 |AIRPHOTO NO: A22763 - 45 _[CHAINAGE: 2912 185 EOFFSET E—
CKG: NRM |TECH: JK iR16°  Mayhew SURFACE DRAINAGE: Gpod to South ]vscsmnom Black Spruce JELEV:  417.3°

o GRAIN- SIZE
ZlEui 8 H ICE : ANALYSIS = |p JMiLe |8cs |numee
EC|wel, s s o3 SOIL DESCRIPTION S = | DESCRIPTION v O = WATER CONTENT (% OF DRY WEIGHT} . al B8 [|2~18~ 669 S 6
NN o S| (V:ICE CONTENT (% OF SAMPLE VOLUME) s|Z]3|3|85185
~|1323 <: = Jwz g__; N al o ] S |.a ’:
TR qrelns gg ’t?:;;l: '_—m_-_‘LILE‘E‘ITD 100 __1wosl | %| % | % 518 REMARKS
PEAT - Black ' ' A .
y Pt - Fibrous, Silty 35-40% , Hanna River
1 CLAY - Med. Brown p
-~ Clayey /
4 - Lowto Med. Plastigity 4
2 _
V-
6 6
Cct ©15-20%
to .
e Cl 8 B
/
1//
07 3 - Piece of Wood F v 0 {
@ 10 5-10%
12 = Grey i2
14 4
16 to i8 ‘
- U \
\'A l
o . . 0-5% |8 \
201 5 to 20 \1
Unfrozen s
221 22 /Z
L D) et S B Sy U TS R —— 24 /
i
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E.W. BROOKER & ASSOCIATES LTD. | DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA
own: ALB |FIELD ENG: NRM JDATE pRILLEDI/| /73 | AIRPHOTO NO: A2Z703 - 43 [CHAINAGE: 2912 + 85 IOFFSET
CkD _INRM |TECH JK [Ri6  Mayhew SURFACE DRAINAGE: Good to South | VEGETATION: Bfack Spruce [ecev: 0173 TEST HOLE
zlz.] 8| g ce It s |z [Mre |scs [numeedd
s wEly 'g c3 s ¥ SOIL DESCRIPTION 5 &{ DESCRIPTION [z | O = WATER CONTENT {% OF DRY WEIGHT} N ol @ |2-18-
selaglerl o |E5 £ o Z G| O=ICE CONTENT (% OF SAMPLE VOLUME) 3 g HEREMLE 699 S 6
TEE e 2e7S 1g Pt::uTr': ""“TL:_Z::? o wosl Tl % | %% |3 £ REMARKS
6 CLAY 2 i
25 - Same as Above 26 ’
" Smms
30{ 7 CcL 3045 {
to V'=0-5%
321 Cl F 5
to to \
Unfrozen \
34 U 34
8 ),
>
36 36
401 9 4 Fal f!
42 2
42 Hole terminated at
48" due to drill bit
a4 44 mudding up
a6 a6
43 48 )
END OF HOLE 48’
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DEPARTMENT OF PUBLIC WORKS, CANADA
E.W. BROOKER & ASSOCIATES LTD. ORILL HOLE REPORT MACKENZIE  HIGHWAY'
FIELD ENG: _ NRM|DATE DRILLED-3/] /73| AIRPHOTO NO: A22763 - 45 TorFser TEST HOLE
1K Mavhew SURFACE ORAINAGE Good to South | VEGETATION:  Block Soruce [Ecev: 424.2°
: o . AIN-
zlz.| 2 2 \CE Foiv » | fMLE |BCS |Numee
Etluxi, | 2 |52|a2] sSoiL ODESCRIPTION % &| DESCRIPTION | x| O = WATER CONTENT (% OF DRY WEIGHT) . =]z |2~|2~
58 ie K EE < -3 §§ {y=ICE CONTENT (% OF SAMPLE VOLUME) 3 :-:: 03 (85185 669 S 17
“z|a" ® E: Dg EE i 'Lil.giz:‘? 100 100+ % | %l % | % E-. E._ RE“ARKS
SILT = Clayey .
ML Med. Brown Hanna River
OCrganic ICE 28142/::
CLAY Med. Brown ///
Silty
C Low to Med. Plasti \'J .
to 10-15%
Cl |
v .
- Grey 0-5%
v \
5-10% ]
v
0-5%
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E.W. BROOKER & ASSOCIATES LTD. | DRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS: CANADA
Own. ALB IFIELD ENG. NRM IDATE DRILLED 3/1 /73 AIRPHOTO NO: AZZ/03 ~ 43  {CHAINAGE: 2911 + 00 IOFFSET . T
ckD INRM{TECH- JK RiG. Mayhew SURFACE DRAINAGE: Good to South 1VEGET§T!0N: Black apruce {ELEV= 424.2 EST HOLE
s =] 2 z 1cE _ ' P . fp JMie |ecs |numses
EClusl, g R 32- SOIL  DESCRIPTION % x| DESCRIPTION (x| O = WATER CONTENT (% OF DRY WEIGHT} . - ‘;'J Bl 9 7
IR iz S8 | 0= 1CE CONTENT (% OF SAMPLE VOLUME} MEIEIERENES 66 3
NEEIES @133 59 o= PLASTIC bl il B 0% P
* TR iz o LI *‘—T"L.'_?ﬂfg o ool Yol % | %] %wIE |5 REMARKS
- Same as Above
26 26
28 CL 28
. to
7 Ct u _
0 ' to] - 30 9 Hole terminated at
_ Fl v-0-5% 38' due to drill bit
32] to 3 mudding up
Unfrozen
34 34
8 &
361 36
33 38
END OF HOLE 38'
404 40
42 42
44 44
46 46
R 48
k.
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E.W. BROOKER & ASSOCIATES LTD. | ODRILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA
DWN: A1R IFIELD ENG:  NRM|DATE DRILLED.3/1 /73] AIRPHOTO NO: A22763 -~ 45 | CHAINAGE: 2916 + gg [orrssr J TEST HOLE
CKD  NIRM [TECH JK__|RIG- Mavhew SURFACE DRAINAGE. Good to North | VEGETATION: Black Spruce & Birch lELEv: 413.4

AEM 2 1cE Lz , |» P [Bes |numser]
zoliel, | £ 15808 son oescapTion % | DESCRIPTION [z | O = WATER CONTENT (% OF DRY WEIGHT) S “T=18-~|3~
2R SIEC|E wZ SU| (3:ICE CONTENT (% OF SAMPLE VOLUME) 3 3] 21z(a0(40 569 S 8
a2lgv 2 §E =§ gg PI:_T:I};':; !—;:—1'{1%;? 00 o4 Yo %ol % !Ev E.. REMARKS
CLAY - Med. Brown '
- Silty Henna River
2 CL - Low to Med. Plastitity v 2 5
1 o 35-40% Wi
. . W
2 A i
]
hd 6
8] 8
wo{ 3 v 0 4
0-5% /} .
F
24 12
o /
14 \'J 4 /
4 - Grey 5-10% o 1
6 16
1
181 18
201 5 v 2045 ‘
0-5% \
221 22
&
-4 -t - - o - S QR 24
L \
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E.W. BROOKER & ASSOCIATES LTD. | DRILL HOLE REPORT DEPARTMENT e yaLIC WORKS, CANADA
DWN: ALB [FIELD ENG: NRM [DATE DRILLED3/] /73] AIRPHOTO NO: A22763 ~ 45 |CHAINAGE: 291€& + ct ]orrsa*r TEST HOLE
CKO _NRM | TECH- JK__ [Ri6°  Mayhew SURFACE DRAINAGE: Good to North TveceETaTion: Black Spruce & Birch lELEV: BT3E

: 5] 2 AN I o e [ses woweed
I we S [E2is3 SOIL  DESCRIPTION gg DESCRIPTION |z | O = WATER CONTENT (% OF DRY WEIGHT) N o] g |2~|2-
HEEHE R "z $5| O:ICE CONTENT {% OF SAMPLE VOLUME) 312023851855 S 8
=13z 14 i 2a(%2 5 e PLASTIC Liauin he ol B P
# il w SE LivIT "—"o" Lt 0o 1004l Yo | %l %l%i® |5 REMARKS

6 CLAY vV -0-5%
26 - Same as Above 26
28 CL 28

to
30{7 Cl 30
F NB
32, to to 3
U | Unfrozen

341 34

g ; *
36 25
38 38—
40 o . >
42 42
44 44

10 >
46 46
B-——t+ d—f—1 - — - — - ] — - —— 48
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E.W. BROOKER & ASSOCIATES LTD. | ORILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS. CANADA
DWN: AILB |FIELD ENG:  NRMIDATE DRILLED-3/1 /73| AIRPHOTG NO: A22763 - 45 | CHAINAGE: 2916 + 55 IOFFSET YEST HOLE
CKD- NRM |TECH: JK |R1G° Mayhew SURFACE DRAINAGE: Good to North |veGETATION: Black Spruce & Birch TELEV: 134
BEME: g ICE ANALYSIS » tr |MILE |B,C,S |NUMBER
Foluel, |2 |52 o;- SOiIL  DESCRIPTION s% DESCRIPTION |z} O = WATER CONTENT {% OF DRY WEIGHT} N ale l2-]2~
Boiesigy| 8 |E5iER "z B8] /\:ICE CONTENT (% OF SAMPLE VOLUME) RN 8
Claziin v (2223 t3 et PLASTIC LtQUID bl B B 51 Pt
® (2|78 ig Ly T L 0o t00s| Tl %o | % | %> |8 REMARKS
CL{ CLAY F NB
to to to .
- Same as Above | Hole drilled to 51"
50411 S0 =t |
cl U | Unfrozen with bit mudding up ‘
D 1E 51" excessively. Over
521 END OF HO Sz bored hole with
larger bit, but unable
54 54 to penetrate beyond
4 ' M 51" due to mudding
. conditions.
561 . 56
58 58
601 ' 60
621 62
64 . ) 64
661 _ ' 66
681 : 68
701 70
72 ‘ 72
L1 : ~
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E.W. BROOKER & ASSOCIATES LTD. | DRILL HOLE REPORT DEPARTMENT OF PUBLIC W ORRS+ CANADA
OWN: ALB IFIELD ENG.  INRM]|DATE DRILLED 3/1 /73 AIRPHOTO NO: A22763 - 45  |CHAMNAGE: 2917 + 70 [orrssr TEST HOLE
ckD NRM |TECH- JK [R5 Mavhew SURFACE DRAINAGE Good to North | VEGETATION: Black Spruce & Birch {ELEV: gog 77

el @ 5 ce o PP » 1y fwee lacs |numes
Erlee FR o3 SOIL  DESCRIPTION % &| DESCRIPTION (x| O = WATER CONTENT (% OF DRY WEIGHT) . ol @ |2-[3~ 669 9
S §§ 8 iz 2% o E Gi] (37 ICE CONTENT (% OF SAMPLE VOLUME) 3 g i3 PN S
axia” P 'z“:' :asvs ?,E ’ PII.-.::I?:"_T:—*L:.?::? 100 w0os] Yo | % | % | % ¥ E' REMARKS
CLAY - Med. Brown Hanna River
~ Some Silt
2 CL - Med. Plasticity v 2 | East of
1 35-40% - P t
a] 4 /
2 7
& v € -
10-15% /
8- 8 //
0] 3 - Grey 1035 l
Cl ~ Silty .
21 - Med, Plasticity 2 i
F \' .
14 0-5% 4
4 I
|
16 1 16
n - Silty,
. CH - Trace of Sand 8
L e
g ﬂ v 40% & . 68{ 31 1| -
20{ R5 20 Jﬁ.
E
224 vV 0-5% 22
26— -+ -4+ttt e e —— 24
C T
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E.W. BROOKER & ASSOCIATES LTD.

DRILL HOLE REPORT

DEPARTMENT OF PUBLIC WORKS, CANADA

MACKENZIE HIGHWAY

DwN:_ ALB NRM |DATE DRILLED.3/1 /73 AIRPHOTO NO: A22763 - 45 |CHAINAGE: 2917 + 70 iOFFSET TEST MOLE
CKD JK jri6.  Mayhew SURFACE DRAINAGE: Good to North | vEGETATION: Black Spruce & Birch TeLEv:  426.7°
o GRAIN- SIZE
:lz.] ¢ £ 1CE ' : ANALYSIS = |z [MLE |BCS [NUMBER]

solusl, |3 |5E[gF| sow oescmierio & [ DESCRIPTION x| O £ WATER CONTENT (% OF DRY WEIGHT} > telgl2cl2z) 6o | s 9
shjamligel o |E2|T” -z W[ {=1CE CONTENT (% OF SAMPLE VOLUME) 1213 2i8c)80
ot;33lart & [wliEz r N as 3|l ai S| siogt°y

s2jx-i _1z2|55 ¢ PLASTIC Liauio a~-iZ-

R izl Sk le'ro"' ) 'ler oo 100el Yol %l % | %|* {° REMARKS
CLAY FIV 0-3% I8

26 - Same as Above 26
28 C -  Med. Plasticity NB 28

O b ~ 41|55(4 | -
3of R 30

E END OF HOLE 30'
321 3
34 34
3§ 36
38 38
401
a2 a2
44 44 ’
45 46




. DEPARTMENT OF PUBLIC WORKS, CANADA
E.W. BROOKER & ASSOCIATES LTD. DRILL HOLE REPORT MACKENZIE . HIGHWAY _
DWN- ALB |FIELD ENG.  INRM|DATE ORILLEDS/) /73| AIRPHOTO NO: A22763 - 45  [CHAINAGE: 2917 + 70 [oFFsET TEST HOLE
ckD NRM [TeECH: JK {Rri6- Mayhew SURFACE DRAINAGE: Good to North { VEGETATION: Biack Spruce & Birch [ELEV.  418.9
iz 1 3 z ICE : » iﬁit:ssalszg » |z [MILE |BC,S [NuMB
zobuel, | §§ o3| SOIL DESCRIPTION % &1 DESCRIPTION |z | O = WATER CONTENT {% ‘OF DRY WEIGHT] - o] 8 |2z]2c1 669 S 10
HEHHREE 2a oZ &5 | 0= ICE CONTENT (% OF SAMPLE VOLUME) 121 3]3 (85080 i
MEE ;: * 122|153 s =~ PLASTIC Liquio bl T 31§ '
fall bl 4 EE L|u|‘;0"'——'-‘;_—"i.ggﬂ 160 wos] Yo | % %ot %|* |° REMARKS
CLAY - Med. Brown .
- Silty ) Hanna River
2 - Low Plasticity v 2 - : West of ¢
109% -
1 ct - Organics to 3' 35-40% = /9/"
4 4 4
//
2
6 6 %
/l
. Cl - Med. Plasticity s /
/
10{ 3 \Y) 10 O ft—'
10-15% .
124 F 12 /
- Grey
- Silty /
4 i4
4 y :
16 . 186 \% -
NB ‘
18 . 18 \
201 5 : ' 20 L
221 : : 22
24 ' 24
l l Fat

END OF HOLE 257
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E.W. BROOKER & ASSOCIATES LTD. | ORILL HOLE REPORT DEPARTMENT OF PUBLIC WORKS, CANADA
OWN._ALB |FIELD ENG._ NRM|DATE DRILLED.3/1 /73 AIRPHOTO NO: A22763 - 45 |CHAINAGE: 2917 + 80 }OFFSET TEST HOLE
kG NRM [TECH: JK |mie-  Mayhew SURFACE DRAINAGE: Good to North | VEGETATION: Black Spruce & Birch lELev:  427.5"

rlz,| 2 g ICE : ANALYSIS r |z JMLE |BCS [NUMBERS
Irlual|, ‘g cs Qg- SOiL  DESCRIPTION 'sg DESCRIPTION = O = WATER CONTENT (% OF DRY WEIGHT) - ol @ 'Z‘.-. @
SElagigy| g ERlEn oz % | ()= ICE CONTENT (% OF SAMPLE VOLUME} SRR R ENEH LR 1
32|32 ZaiZ3 35 o= PLASTIC Liguto bl Wl Wl B 3 PO
R |az| w Se Ly e LM 100 wos| Yo | %|%|%]|® |° REMARKS
CLAY - Med, Brown }
- Silty Hanna River

2 CL ~ Low Plasticity v 2

1 25-30% 8 "?

4] a

2 A, l

. 6 IT

to ]

81 e

o{ 3 - Grey F ola ,[
v 1 )
Cl 0-5% \
121 12
14 14
4 A
161 16

18 ‘18 \\
204 5 20 Fa ‘f
22 22 /

2al 44 L -3 - e e L — - ] 24 ]
L L1 |
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E.W. BROOKER & ASSOCIATES LTD. | DRILL HOLE REPORT DEPARTMENT MACKEN S G, WORKS , CANADA
Own' ALB [FIELD ENG NRM [0ATE DRULED3/1/73[AIRPHOTO NO: A22763 - 45 | CHAINAGE- 2917 + 80 [orr-'se-r TEST HOLE
CXD NRM 1TECH. JK RIG. Mayhew SURFACE DRAINAGE: Good to North [vss:—:mnon Black Spruce & Birch {ELEV: 157 ¢’
a GRAIN- SIZE
: 2.0 3 . 2 Ice . ANALYSIS > |z |MrE |86 [NUMeER
ECluel, 15 |58|eF{ son oescripTion & 5[ DESCRIPTION |z | O = WATER CONTENT (% OF DRY WEIGHT) N n
B R o &8 0= ICE CONTENT (% OF SAMPLE VOLUME} {21 2]z [s5]5500669 |S :
BEEIEL 2alZz 358 a4~ PLASTIC LiQuip “lelele s e -
- ol el g 20 ""'"Iob——To__‘"is“oIr 0o oo+ Yo | Bl %] %|* |° REMARKS
6 CLAY V-0-5 l
CL - Same As Above ]’
26 26
28 ) 28 l
” F NB Ji
7 Cl . 30 \‘
to to \
32 3
U | Unfrozen 1
34 34 .
° 1
36 ’ 36
26 3@
40l 9 CcL ~ Low Plasticity 5
42 42
END OF HOLE 42' ,
44 - 44 |
45 45
|-
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E.W. BROOKER

& ASSOCIATES LTD.

DRILL HOLE REPORT

DEPARTMENT OF PUBLIC WORKS CANADA
MACKENZIE HIGHWAY

DWN: ALB DATE DRILLED- 3/1/73AIRPHOTO NO: A22763 - 45  [CHAINAGE: 2012 +'25 {OFFSET TEST HOLE ‘
CKD  NRM Mavhew SURFACE DRAINAGE: Fair to South | VEGETATION: Black Spruce & Birch [ecev:  415.8°
i a East GRAIN- SIZE
AERE 2 cE _ ANALYS!S r |> fMLE |Bcs |NumeE
Zrluel, | 3 |S2]a%| SO DESCRIPTION 5 £| DESCRIPTION |z | O = WATER CONTENT (% OF DRY WEIGHT) ST TaT2lele-Feso T3 2
siigelayl 8 |22L5 oz S| O =ICE CONTENT (% OF SAMPLE VOLUME) 113133 (85180
I EEE FS I A S r o ok b sja| a8 s e
- »i55 30 Liaut <irz
Bl Rl IO "3 B Is= LMt ’——_’Llhcl’lT 0o wosl Yol % | % | % 5 {5 REMARKS
py | PEAT - Black, Fibrous V' 35-405% East of §
2 Med. Brown 2
- it -
1 cL Sifty | 1203.9
- Trace of Fine Sand v
'y - Low Plasticity 40-50% | a
2 //
6 v 6
5-10% A
8 e
wi 3 Te]
121 12
14 14
4 = Shaley v
N o-5% |
184 - Grey 18
- Low Plasticity
20¢ €
5 20
22 22
2a{- {— 4 iy g (U I T
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E.W. BROOKER & ASSOCIATES LTD. | ORILL HOLE REPORT DEPARTMENT MACKER TG, WORKS , CANADA
OWN:_ALB [FIELD ENG: NRM (DATE DRILLED 3/1/73 AiRPHOTO No: AZ2763 - 45 |cHAINAGE: 2912 + 25 [orrss? TEST WOLE
CKD  NRM [ TECH- JK__[RIG  Mayhew SURFACE DRAINAGE Fair to South | vegeTaTION: Black Spruce & Birch [ELEV: 12 g°
o East GRAIN- SIZE MILE ) MBE
El3.) 3] S ICE : ANALYSIS |z LE (8,5 |NUMBER
EStuxl, g v a% SOIL  DESCRIPTION % x| DESCRIPTION x| O = WATER CONTENT (% OF DRY WEIGHT) 1 o | @ |2~13-~
HEHEHE R oz S8 O ICE CONTENT (% OF SAMPLE VOLUME) SRR AR FNER KA R 12
Ti22 E: !: EE H ;g o= PLASTIC LIQuID bl S I =L o "
PR jaa]| o S L'"”o' "'“‘o""_‘ LM oo 1004 Yol %l %l%|* [° REN_IAHKS

6 CLAY 1

26 - Same As Above Vv 26 qu = 0.11 tsf
CL F 0-5%

28§ T 28

U

B o
0 g END OF HOLE 29%* 30
321 32
34 34
36 : 36
38 3
40 40
42 ' 42
44 44
46 46
48 48
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PERCENT SMALLER

40

30

20

10

| - 5 JWNoH

GRAINSIZEDISTRIBUTION

SAND
CLAY SILT FINE ] _MEDIUM | COARSE GRAVEL
3 8 o O o =] [~ o o . . H .
§ 3 823 8% % %Te 3 y y 32 E b
T -
/.'/
e el 90
1
/‘
/ 80
7 70
60
50
5/ 40
/./ 30
./1/ 20
10
1 1EL NN 1l 111 b1 i 11 °
: ¢ & : § § & § 3§ % ¥ § 3 3§ 3
GRAIN SIZE IN MILLIMETERS _
lk PROJECT MACKENZIE HIGHWAY
e0Q w08No. _E-517 _ pare_ APril 2773
. sampLe pescripTion _ CLAY, SILT, SANDY SAMPLE No. 669 - 5 - 1
E.W. Brooker & Associates Ltd. __ TRACE OF GRAVEL DEPTH 10"




RO

Z~2

PERCENT SMALLER

100

90’

80

70

60

- 50

30

20

10

GRAINSIZEDISTRIBUTION

SAND
CLAY SILT FINE | MEDIUM | COARSE GRAVEL
8 8 -] 2 o © © =4 . . i .
¥ 0% §REYTRE T % 0 proy:io®E o u
/t/"! ? 100
7/‘ S0
80
¢ .
«V/ %
i// 50
. /
./ o
30
20
10
[ 111 IS } B REE | I 1 b F 1 °
- o 0 Q Q Q o Q Q Q Q Q Q q Q
g g e 5 8 é O a 2 ?i = g s S
GRAIN SIZE IN MILLIMETERS
L— prosecT ___ MACKENZIE HIGHWAY
m JOBNo. E-51 paTE__ April 8/73
. SAMPLE DESCRIPTION CLAY, SILTY, SAMPLE No. -3 "‘I*
E.W. Brooker & Associates Ltd. DEPTH 15

TRACE OF SAND




€ -9 ANDIL

PERCENT SMALLER

100

90

70

60

50

40

30

20

10

GRAINSIZEDISTRIBUTION

100

70

30

20

10

SAND
CLAY SILT FINE [ MEDIUM COARSE GRAVEL
=] (=] .
(=] Q Q Q Q Q [=] © o s
- - - < 3 H H
g : $2 32 ¢ 5 %% : ¥ 3 8 b
)/*— ‘
P
%
7
Vi
o/.
| é
L 111 I ERNRE RN | [ 1 {11
8 8 S a 8 8 2 8 2 2 o c o s 2

E.W. Brooker & Associates Ltd.

GRAIN SI1ZE IN MILLIMETERS

sampLE pescription _S1LT, CLAY,

TRACE OF SAND

prosecr MACKENZIE HIGHWAY

JOB No. E-517 DATE Aprtl 11773

SAMPLE No, 669 - S - 5§

DEPTH 10




PERCENT SMALLER

y - 9 3NOH

100

90

80

70

60

50

20

10

GRAIN SIZEDISTRIBUTION

1)

90

8¢

70-

60

30

20

10

SAND
CLAY SiLT FINE [ MEDIUM | COARSE GRAVEL
[=] Q
° & c o o © o © o .. . .
: * +5 3 9 8 : =% p  » ¥+ 2 i
o o°
"1
Lot |
//
L]
1]
/-/
//
P L] L 1 i 1TTT 1 1T 1 T il NN
5 S 3 2 51 2 8 2 3 S 8 8 2 2 2
s e e & 8 3 - N @ b o o e g H
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E.W. Brooker & Associates Ltd.

GRAIN SIZE IN MILLIMETERS

SAMPLE DESCRIPTION

CLAY,SILTY

MACKENZIE HIGHWAY

PROJECT

JoBNo, E"21/ DATE May 15773
SAMPLE No. 669 - S - 9
DEPTH AVERAGE (18'-20")




PERCENT SMALLER

9 F4NOH

100

90

80

70

50

50

40

30

20

10

GRAINSIZEDISTRIBUTION

SAND :
CLAY SILT FINE ]~ MEDIUM | COARSE GRAVEL
[=] o -
Q Q L= -] Q o =] o o ~
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/] 70 -
/ 60
/ 50
7"4 “
a0
20
10
o
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E.W. Brooker & AsSociates Ltd.

GRAIN SIZE IN MILLIMETERS

sampPLE bescripTion _CLAY, SILTY, TRACE
OF SAND

proscer MACKENZIE HIGHWAY

JOB No. E-517 DATE May 15773

SAMPLE No. 669 - S - g

DEPTH __AVERAGE (28'-30')



SUMMARY OF TEST RESULTS

JOB No.____E-517

BORE | ... N nAL | Atterberg Limits MECHANICAL ANALYSIS | SOIL
HOLE CONTENT WL WP P1 {M.L.T. CLASSIFICATION) CLASSIFICATION REMARKS
: (UNIFIED)
feet % % | % | % | %cLay | %siLT | %SAND |%GRAVEL
669-5-1 10 4.0 Lo.1 6.4 |13.7 20 52 24 4 cl
-2 18 25.0 [38.5[18.4 |20.1 Cl
-3 10 26.0 56.8 [27.9 |28.9 ci
-4 15 49 LYy 7 0 cL - Ci
=5 10 50.0 38.821.6 [17.2 30 65 5 0 Cl
- . *Average ot Five
-9 18-20 33.5 61.0132.1 {28.9 £8% 31 | P 0 CH Test Results
, *Average of Five
-9 | 28-30 43.5h5.8 [17.7| hix 55% b 0 ¢l Test Results
-0 10 26.0 .4y 24,1 }17.3 Ci
-12 | 28-29 1/7  31.8 qu = 0.11 tsf.

‘ON 'OMQ

9-3

B =
€0Q

EBA ENGINEERING CONSULTANTS LTD.




