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SUMMARY OF CONCLUSIONS

- The construction of a gravel surfaced highway
in the area of our study is feasible.

24 Great care will be necessary in the selection
of borrow material even in those potential borrow areas
which were classified as "good".

3. The most expensive areas for construction of

a highway are the 12 miles immediately southerly of Fort
Norman and the 4 miles immediately north of the Great
Bear River.

4, Cut sections are not advised except in the
area of sand dunes between mile 550 and 565 and in certain
locations north of the Great Bear River. Due to high
ice content in near-surface soils, shallow cuts of less
than 6 feet should generally be avoided.

5 Most of the sections between mile 544 and 635
could be constructed in either the summer Or the winter
but, due to ecology considerations, winter construction
may be preferable.

6. The treatment of borrow pits after construction
is potentially an extremely difficult problem and we can
make few recommendations which will be of value to the
Departmeht at this time.

2. We strongly recommend the construction of a

short test section of embankment to be located approximately
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12 miles southerly (at approximately mile 570) from Fort
Norman.

8. The effects of embankment position on local
drainage should be carefully considered particularly in
those sections where the alignment is perpendicular to

the drainage.
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DEFINITIONS

Active Layer: The layer of soil above the permafrost table
(In the area of this study, the active layer
usually freezes completely during the winter.)

Continuous Zone: That zone where permafrost occurs every-
where beneath the ground surface including large
lakes and rivers.

Discontinuous Zone: That zone where permafrost occurs
everywhere beneath the ground surface except
beneath large lakes or wide rivers.

Drunken Forest: An area characterized by the appearance
of many trees leaning in differing directions
without any apparent pattern to the direction
of inclination. This phenomenon is caused by
differential thawing of ground ice.

Geothermal Gradient: Change in temperature of the earth
with depth, either in degrees per unit depth
or in units of depth per degree.

Ground Ice: Bodies of mofe or less clear ice in permanently
frozen ground.

Organic Soil: Soil material which contains a significant

proportion of organic material. Where the organic

nature of the scil is its dominent characteristics,

the soil is referred to as a peat.
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Permafrost: Permanently froéen ground. (A more complete
definition, after Muller, is given in section
19 .)

Permafrost Degradation: The lowering of the permafrost
table due to thawing.

Permafrost Table: A more or less irregular surface which
represents the upper limit of permafrost.

Seasonal Frost: Freezing of the ground during the winter.
The term implies that the frost so formed will
thaw during the following spring or summer.

Sporadic Zone: That zone where permafrost occurs only
in isolated patches (usually beneath peat bogs)

Subgrade: The original ground upon which an embankment
is placed.

Surface Degradation: The lowering of the ground surface
due to thawing of underlying ground ice.

Thaw Settlement: Settlement of a soil mass due to thawing
of ground ice.

Thermal Conductivity: The amount of heat passing through
a unit cross-section in unit time under the
influence of unit heat gradient.

Thermal Erosion: Erosion due to the melting of ground
ice rather than the removal of soil.

Thermal Regime: The temperature conditions in the ground

at a given point in time.
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Thermokarst: Uneven land subsidence caused by the melting
of ground ice. The resulting ground surface
resembles the karst topography found in limestone
areas.

NOTE: The definitions given above were taken from Permafrost

in Canada by R. J. E. Brown and Glossary of Geology

and Related Sciences by the American Geological

Institute.
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1.1.4 This report covers work done in the field

1. INTRODUCTION

and in the laboratory by R. M. Hardy & Associates Ltd.
for the Department of Public Works of Canada along
part of the proposed location of the Mackenzie Highway.
Field work was conducted between December 4, 1972 and
March 21, 1973. The entire study was carried out by
engineers and technicians of the firm with drilling

and support facilities being provided on a sub-contract
basis.

1.1l.2 The text of this report is divided into two
volumes. Volume I contains information which will

be of specific value to engineers designing this section
of highway between Mile 544 and Mile 635. Volume II
contains background information on permafrost and the
related engineering problems together with a list of
references.

1:1:3 Volumes III through VII contain the test hole

logs, and laboratory data sheets. The folio of drawings
include terrain and soil maps to a scale of 1" to 1000'and
a second set of mosaics showing the locations of all

test holes drilled in this program. A complete table

of contents is included at the beginning of each volume.

1.2 Classification of Soils, Terrain and Ground Ice

1.2.1 Soils were classified according to the Unified
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Classification System which is described in Appendix D,
Volume I.

1 o2 o2 The terrain classification system used on the
soil maps is based on the system developed by Dr. J. D.
Mollard. A legend sheet is included in the folio of
maps.

1243 Ground ice was classified according to the
National Research Council classification system which

is described in Guide to a Field Description of Permafrost

published by the National Research Council, Ottawa.

A brief description of the NRC system is contained

in the explanation sheets in Appendix D, Volume I.

1.2.4 Ice contents, as shown on the test hole log
sheets, are expressed as percentages of ice volume to

the total volume of a sample. It is the total volume

of ice in an undisturbed sample and includes intersticial
ice as well as excess ice.

1.3 Bridge Foundations

1:3.1 It is expected that bridges will be required

at: Big Smith Creek, Jungle Ridge Creek, Vermilion Creek,
Prohibition Creek, Christina Creek, Helava Creek, Francis
Creek, Canyon Creek and Bosworth Creek.

L3 v After consultation with officers of the Department
of the Public Works, it was decided that each of these

bridge sites should form the subject of a separate report.
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1.4.1 Drainage problems are not within the terms of

1.4 Drainage

reference for the study. They have however been mentioned

where they have an influence on soil behaviour which may

affect the highway.

1.5 Compaction Control

1.5.1 Compaction control was not within the terms

of reference of this report.
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. Y | The soil types encountered in this section of

2. DISCUSSION ON SOIL TYPES

the highway can be divided into five groups: rock, gravel,
sand, silt and clay. A brief discussion on the problems
of: excavation, transportation, placing and construction
scheduling for each type follows.

2.2 Rock

N Bedrock which would be suitable for embankment
use, was found at approximately Mile 590 and also at

the existing quarry at Mile 629. The bedrock encountered
along Jungle Creek Ridge will be ignored as quarrying

of this material would not be permitted.

25202 The bedrock consists mainly of shale and
limestone. Excavation would be relatively simple as
little drilling and blasting would be required. However,
ripping with heavy bull dozers would be required for

much of this rock in the summer and for almost all

of it in the winter.

2.2.3 The most economical method of transparting
broken rock would probably be by means of dump trucks.
Experience gained on the Mackenzie Highway in the Inuvik
area would be very useful for planning purposes with this
material.

2.2.4 Placing of broken rock is relatively simple both

in summer and winter. Due to the low water content, there
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would be no difficulties with the mate 1 freezing in
the trucks.

Zydad Scheduling of construction work using broken
rock is also relatively simple with the main problem being
maintenance of haul roads into quarries.

2.3 Gravel

enidal Gravel was encountered in the last section
covered by this report in the vicinity of Mile 633.

Large gantities of excellent material were encountered

in eskers.

2332 Excavation of gravel can be carried out by
loaders, scrapers or shovels.

2:3:3 Transportation of gravel along the grade can

be by means of scrapers or dump trucks. Loading and
transportation by means of scrapers is usually the

most economical system although, in special circumstances,
it may be more economical to use dump trucks.

2:3+4 Placing of gravel presents no problems in either
summer or winter due to the low water content. High
standards of compaction are easily obtained without the
use of special equipment.

24325 As with excavated rock, there will be no
difficulties with the scheduling of construction using

gravel.
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2.4.1 Large quantities of sand were found in the

2.4 Sand

section from Mile 544 (Big Smith Creek) to Mile 569.
This sand is fine, silty, with water contents varying
from 5 to 25 percent with most samples lying within the
range of 20 to 25 percent.

2.4.2 Excavation of this sand will be difficult

and expensive at any time of the year. The problem

is discussed in considerable detail in Section 7.

2.4.3 Transportation of excavated sand would be
most economically done by dump trucks as it would

be impossible to use scrapers in the pits.

2.4.4 This sand could be placed in a frozen condition
with the result that considerable subsidence of the
embankment would take place in the summer. Alternatively,
the material could be thawed in the borrow pits and
placed in an unfrozen condition. Due to slow drainage
of excess water, we expect considerable difficulty

in compacting this soil in place and we would expect
that a continuing maintenance program be required during
the first two years following construction.

2.4.5 This material could be excavated and placed

at any time of the year with considerable difficulties

being experienced in both summer and winter.

w T -
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2.5.1 Large quantities of silt were not encountered

2,3 Silt

isolated from other materials. Silt was encountered
associated with clay and sand in the section Mile 570

to Mile 589. Silt is a poor material for highway embankments
(although large quantities have been used with success

in more southerly locations) due to difficulties associated
with compaction. Most of the silt samples tested had

high water contents with considerable quantities of

excess ice.

2.5.2 Silt is relatively simple to excavate in the
winter when it is frozen. However, because of its
extremely poor quality as embankment material, we do

not recommend the use of silt in the highway. No doubt
there will be instances where small quantities of silt

are encountered in borrow pits and it will be impossible
to exclude this material entirely. But, wherever possible,
it should not be used.

2,6 Clay

246:1 Clay was encountered along most of the alignment
from Mile 569 to Mile 635. Between Mile 569 and 589,

most of the clay appears to be water deposited and is

of low density with relatively high ice contents. From

Mile 589 to 635, most of the clay is till and clay shale.

- 12 -
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These materials have high densities and low water contents
with the result that they generally form excellent embankment
material.

e Excavation of till and clay shale can be done

by scrapers although ripping would be required for shale
and any material that is frozen. Alternatively, loaders
and dump trucks could be used although their use would

not likely be economical, particularly for frozen soil.
25043 Transportation of this material could be

by either scrapers or dump trucks.

2.6.4 Placing of this material in the summer would

not pose many difficulties except for the problem of
excluding the relatively small quantities of high ice
content material. Placing in the winter would entail
building the embankment to a considerable height above
design grade to allow for subsidence in the following
summer. We believe the most economical time of year

to place this material is in the summer.

2465 Excavation and placing of this material could
probably best be accomplished in the summer although

there may be problems with meeting environmental requirements
in this season. An alternative method would be to

place the material in the embankment in the winter

and carry out compaction and dressing of the embankment
during the following summer with all the equipment

being restricted to travel on the embankment.

- 13 =
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31zl The terms of reference were contained in

3. TERMS OF REFERENCE

a letter dated September 19, 1972 signed by Mr. N.

Huculak, P.Eng., Regional Highways Engineer. A copy

of this letter is contained in Appendix C (Volume I).

The terms of reference call for the geotechnical consultants
to provide data on the soil conditions sufficient for

the Department to proceed with design and tender calls

for construction. The consultants were also asked

to identify and classify the geotechnical conditions

along the proposed alignment and to provide terrain
classifications. 1In particular, the consultants were

asked to pay attention to probable difficulties which

might be encountered in relation to: differential
settlements, roadway stability, selection of borrow,
backslope stability, slope erosion and seepage. In
addition, sufficient information was to be obtained

at each proposed bridge site to enable the bridge consultants

to formulate their designs.

S
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4.1.1 The southern limit of the area investigated

4, AREA DESCRIPTION

by R. M. Hardy & Associates Ltd. is Big Smith Creek

at Mile 544, and the northern limit is Bosworth Creek a
few miles north of Norman Wells at Mile 635. Mile posts
627, 628 and 629 are duplicated so that Bosworth Creek

is shown at Mile 632 on the mosaic sheets.
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4.1.2 Figure 1 shows the relation of the area
investigated to the principle settlements in the
Mackenzie Valley. Figure 2 (following page) shows
the area investigated in more detail to a scale of
1 inch equals 8 miles. The area lies in map sheets
96C, E and F of the National Topographic Series.

4.2 Published Reports

4.2.1 The geology of the area has been described
by Hume (15, 16). Figures in parenthises refer to the
list of references at the end of the text in Volume 2.
Reference 8 by Brown contains some interesting data
from the Norman Wells area. The only other references
we have been able to find which specifically deal with
the area under investigation are all on the subject

of the Canoi Road and pipeline. A list of references
at the end of the text (Volume 2) contains the titles
of works which may be of value in the design of this
section of the highway.

4.3 Geology

4:3:1 The bedrock geology of the area has been
described by Hume (15, 16). Bedrock exposures can

be seen along the lower reaches of the Great Bear River,
around Bear Rock, and also along some of the creeks

which empty into the Mackenzie, such as Bosworth Creek.

- 1 -
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4.3.2 Near the mouth of the Great Bear River there
are exposures of sandstone, shale and conglomerate.

This rock was encountered in Test Hole 522,

4.3.3 In the area of the pass to the north of Bear
Rock, the bedrock is limestone and shale. Further

to the west, in the vicinity of Jungle Ridge, the bedrock
is shale and limestone of the Fort Creek Formation.
Between Jungle Ridge Creek and Bosworth Creek the bedrock
is of the Imperial Formation and consists mainly of
sandstone and shale.

4.4 Topography

4.4.1 The topography of the area between Big Smith
Creek and Bosworth Creek is relatively level. Steep
gradients are only encountered at river and creek crossings
except where the alignment passes through the pass

to the north of Bear Rock and also where there is a

sharp drop in ground level in the wvicinity of Mile 554.
4.4.2 The elevation of the ground drops gradually

from the vicinity of Big Smith Creek to the Great Bear
River. On the north side of Great Bear River the land
climbs rapidly to the pass and then descends gradually

to Bosworth Creek. In general, the alignment lies

across the drainage paths except for the stretch immediately
noith of Great Bear River and the section which lies

on the top of Jungle Ridge.
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4.4.3 Photographs 5, 7, 7, 8, 9, 13, 14, 15, 16, 17 and
18 (Appendix A) show typical examples of the topography in
the region.
4.5 Climate
4.5.1 The study area lies within the Boreal Zone
of the sub-Arctic. The climate is characterized by
long cold winters and short, relatively cool, summers.
Precipitation is low. Regular weather records have
been taken at Norman Wells since 1944. Meterological
data from Norman Wells are as follows:
mean temperature: 20.8°F
mean annual snow fall: 40 inches
mean annual rain fall: 7 inches
mean annual total precipitation: 11 inches
mean freezing index: 7,200 degree days F
lowest freezing index recorded: 6,000 degree days F
highest freezing index recorded: 8,000 degree days F
mean thawing index: 3,000 degree days F
lowest thawing index recorded: 2,500 degree days F
highest thawing index recorded: 3,350 degree days F
4.5.2 Weather records were kept at Fort Norman from
the summer of 1940 to the summer of 1949 when the station
was closed.
4:5.3 Weather records have been kept at Wrigley from

the summer of 1943 to the present. However, many of the

= 18 =
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records at Wrigley are intermittent with many years
showing incomplete record keeping or no record at all.
Weather records were kept at Fort Good Hope from at least
1940 to 1971 with only a few years showing incomplete
records. Both Wrigley and Fort Good Hope are outside

the area covered by this report. Weather data from Fort
Good Hope, Norman Wells, Fort Norman and Wrigley are
summarized on Plate 1, Appendix E (Volume 2).

4.6 Vegetation

4.6.1 The trees found in the study area consist of:
black spruce, birch, willow, alder, tamarack and white
poplar (aspen). Black spruce is the dominant tree through-
out the area. White poplar (aspen) is found in only a

few locations on top of sand ridges where the depth to

the permaffost table is considerable.

4.6.2 Labrador tea, alder and berry plants are the
principal bushes. Reindeer moss (lichen) is common in
the better drained areas and sphagnum in the wetter areas.
4.6.3 Detailed mapping of the vegetation in the area
can be found on the series of maps entitled "Vegetation
Maps of the Mackenzie Corridor" prepared by the Forest
Management Institute of Canadian Forestry Service.

4.6.4 Photographs 8, 11, 12, 15 and 16 show typical

views of the vegetation.

w JO s
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4.7.1 Hunting, trapping and fishing are still important

4.7 Wildlife

activities for the local population and the area has
some potential for recreational purposes. A series

of maps "Land Use Information Series" produced by the
Department of the Environment for the Department of
Indian and Northern Affairs shows wildlife habitats
and gives much useful information on breeding and migration
patterns of the various forms of wildlife. A study

of these maps showed that a winter drilling program
would have no appreciable effect on wildlife in this
area.

4.8 Logistics

4.8.1 The transportation of heavy equipment into
Norman Wells and Fort Norman is usually by barge during
the summer months. However, even at this time of year,
bad weather may cause difficulties in scheduling. A
winter road from Fort Simpson is sometimes open during
the winter but this route is usually expensive and,

in any case, is seldom available before the middle

of January.

4,8.2 Passenger and freight aircraft operate in
and out of Norman Wells on regular schedules and the

airport is capable of handling the largest aircraft.

- I -
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The airstrip at Fort Norman can handle aircraft up

to the size of a DC-3 and it is possible that larger
aircraft could use this strip.

4,8.3 Airstrips capable of handling aircraft up

to the size of a Hercules have been constructed on

the Mackenzie River in past winters and such strips

are normally usable during the period from the beginning

of January to the middle of April.

i
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5.1.1 The field, laboratory, and office phases of

5. PROGRAM DESCRIPTION

the program consisted of:

air-photo interpretation

terrain evaluation

drilling and sampling (center-line)

drilling and sampling (borrow areas)

field laboratory testing

laboratory testing in Edmonton

borrow computation

evaluation of data

reporting information
The project was under the overall direction of one of
the firm's principals who was assisted in the day to day
administration of the project by a senior engineer. The
field work was under the direction of a senior field engineer
who was assisted by a senior technician in charge of the
field laboratory.
5:1.2 Junior staff posted to the field included
technicians experienced in: sampling techniques, laboratory
testing, air photo interpretation and surveying. A sampling
technican accompanied the drill-rig on each shift. His
duties included visual reporting, correct packaging and

labelling of all samples.

i BF
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23lsd A field layout technician was charged with the
responsibility of locating test holes and borrow areas
under the direction of the field engineer. Two laboratory
technicians were employed in the field laboratory and

one further technician was employed in computation and
drafting logs.

5.1.4 Clearing access into borrow areas and moving
camp was done by two bulldozers. The catering contract
was let to an experienced catering contractor. Delivery
of supplies to the field camp was by means of light
aircraft and trucks provided by a local contractor.
Photographs 3 and 4 show the mobile camp.

5.L.5 Prior to the commencement of field operations,
meetings were held with the Settlement Manager and members
of the Settlement Council of Fort Norman, officers of the
Forest Service and representatives of the Department of
Public Works. During the course of the work, further
meetings were held from time to time with representatives
of the Settlement Council of Norman Wells, the Forest
Service and D.P.W.

5.2 Air-Photo Analysis and Terrain Evaluation

521 Prior to commencement of field work, aerial
photographs were examined and analyzed in order to
obtain some idea of the soil types which would be encountered

and also to evaluate the terrain. Aerial photographs

..23_
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were also an aid in planning and scheduling the program
such as in identifying possible camp sites.

Dl As centerline drilling progressed, air photo
analysis was revised in the light of drilling information
and the results used in the selection of possible borrow
sources.

5.3 Drilling and Sampling

ST All the test holes in this program were drilled
with rotary drill rigs. Between Big Smith Creek and

Great Bear River, a Failing 1000 drill rig was used

while north of the Great Bear River a Mayhew 1000 drill
rig was also used. Both rigs were mounted on Flextrac-
Nodwell low ground pressure vehicles equipped with

wide tracks. Compressed air was used as the drilling
fluid. The Failing 1000 rig is shown on photograph

1, Appendix A.

Seduwd Three sampling methods were employed. Shelby
tubes were used to obtain undisturbed surface samples

and also to obtain samples in plastic clays. Core

barrels were used to obtain samples of 2.8 inch diameter
in frozen material. "Grab" samples were also obtained

for soil identification and moisture content analysis.
Shelby tube and core samples were obtained in a sufficient
number of test holes to obtain data on the in situ

density of the material, true ice content and ice type.

- 24 -
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The depth of test holes varied to suit circumstances
of soil type and grade elevation.

5.4.3 Wherever possible the depth to the permafrost
table was noted on the drill hole logs. In many test
holes (particularly after the beginning of January)

it was found that the seasonal frost had penetrated

to the permafrost table so that it was not possible

to delineate the permafrost table.

5.5 Field Laboratory Testing

5.5.1 Almost all the samples were tested in a field
laboratory which accompanied the camp. Tests carried
out were:

density

moisture content

visual soil descriptions

visual ice descriptions

grain size analysis (by sieving)
B 52 Test hole logs were prepared in the field
and all the information from the field laboratory was
noted thereon. All necessary calculations were carried
out in the field office. Photograph 2 shows the field
laboratory.

5.6 Laboratory Testing, Edmonton

5:6.1 A certain number of tests could not be performed

in the field laboratory. These included: moisture
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content of organic samples, hydrometer analysis and
Atterberg limits. These tests were carried out in our
Edmonton laboratory on selected samples which were
shipped from the field.

5,6,.2 Sufficient samples have been retained for
compaction tests. In addition, samples have been retained
for examination by contractors interested in bidding

on the project. Representative samples were delievered
to the Department of Public Works Office in Norman
Wells for storage. Some representative core samples
were shipped to Edmonton in insulated boxes and are

being stored in cold storage.
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6. DRILL HOLE LOCATIONS

- The locations of all drill holes are shown

on prints of mosaics to a scale of 1 inch equals 1,000
feet which were supplied by the Department. Mile

posts are indicated on the mosaics. The chainage at

each centerline test hole is shown on the appropriate

log. The mile interval is shown on all test hole logs.
(Each mile of centerline is referred to by the mile

post at the beginning of the mile, e.g. Mile 574 indicates

the mile interval 574 to 575.)
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" S W This section covers the area from Big Smith

7. MILE 544 - MILE 568

Creek northerly for a distance of approximately 24

miles. The topography varies from flat to gently undulating
with the only major breaks in the surface being at

two creeks and one change in elevation at Mile 554

(in the vicinity of borrow area 38). There are numerous
small thermokarst lakes and ponds in the section Mile

544 to 554 but the number of such thermokarst features
then rapidly diminishes while the size of them becomes
larger.

Pudo A creek at Mile 555 (where Test Holes 298

and 334 were drilled) has a valley depth of approximately
40 feet. From this creek the alignment climbs in a

series of relatively low steps for approximately one

mile. (See mosaic sheet 35A). The alignment then

runs along the top of a series of sand ridges and across
various small dune formations until the vicinity of

borrow area 20 (Near M563 see mosaic sheet 37). At

this point the drainage deteriorates and is generally
poor to the end of this section at approximately Test
Hole 223 at Mile 568.

2 Soils

7.
7,

o

" The soils in this section consist mainly

of fine sands with the permafrost table near the surface.

= B8 w



R.M.HARDY & ASSOCIATES LTD.

Immediately adjacent to Big Smith Creek the near-surface
deposits consist of interbedded silts, sands and gravels
with shale bedrock within 10 feet of the surface. (The
foundation conditions for the bridge at the Big Smith
Creek will be the subject of a separate report.)

Zeds2 Test Hole 355 is typical of the soil in this
area. It will be observed that the soil profile consists
of silty sand to a depth of 27 feet where the material
changes to clay-sand. The ice was non-visible and

water contents varied generally between 25 and 30 percent.
Tadi3 A creek crosses the alignment at Mile 554.9

(see Mosaic sheet 35A). Test Hole 334 shows clay to

a depth of 50 feet with silty sand and more clay beneath
it. Water contents in the clay were quite high with
estimates of the visible ice being 50 to 60 percent.
Another test hole, Test Hole 298 on the northerly

side of this same creek, shows the soil profile consisting
mainly of silt and sand.

452548 The thickness of organic soil along the centerline
is generally only a few inches. At many test holes,

the organic surface soils have been stripped completely.
The maximum depth of organic material was less than

5 feet in this section.

Tadad A total of 171 cores of sand were measured

and weighed to determine in situ bulk and dry densities.
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The results are summarized in Table I and in the histogram

in Figure 3.

TABLE I
In Situ
Dry Density No. of Percentage
(pcf) Samples of Total
less than 80 4 0
80 - 85 3 2
85 - 90 16 9
.90 - 95 37 22
95 - 100 62 36
100 - 105 49 29
105 plus 3 2
Total 171 100
7:2:6 Nine samples of sand were tested to determine

the dry density after thawing has been completed. These
samples were mixed with sufficient water to form a slurry
and were then poured into plastic tubes. A porous stone

was placed on top of each sample to simulate a load of

300 1bs./sq. ft. Drainage of the samples took place through
a porous stone at the bottom of the tubes and also through
porous stones at the top. After several days, the samples
were measured and weighed and then dried in an oven. The

data obtained for each sample included: bulk density, dry
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density and water content. The dry densities ranged from
92 to 115 pcf with a mean of 102 1lbs./cu. ft. It will be
seen from Table 1, that approximately 30 percent of the
samples obtained in the field exceeded a dry density

of 100 lbs./cu. ft. Fifty-eight percent of the samples
obtained in the field had dry densities ranging from

90 to 100 1bs./cu. ft. and the average for all samples
obtained in the field is 96 1lbs./cu. ft.

Tidad If the terminal dry density cannot be found
by laboratory testing, or estimated, some reasonable
estimates of probable settlement can still be made.

Of more importance from the point of view of maintenance
is the question of the rate of settlement which should
be expected over a given period of time. The rate

at which the thawing isotherm penetrates into soil

is approximately proportional to the square root of
time. The thawing isotherm will therefore penetrate

at a relatively rapid rate during the first few years
following construction of a highway and the rate of
penetration will then decrease until it becomes, for

all practical purposes, imperceptible. Higher excess
ice contents are normally found within 10 feet of the
ground surface so that the amount of settlement which
should be expected will occur mainly during the first

few years following construction.

o A o
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1:2.:8 From the above data, and from our experience
with other projects, we estimate that settlements of
the embankment due to thawing of the sub-grade will
be very small and will seldom exceed a few inches.

In isolated cases, and for only short stretches of
embankment,settlements may exceed one foot but such
cases will be rare in this section.

7.3 Borrow Material

23 L Twenty potential borrow areas were examined

in this section. Of these 20 areas, one was found

to consist mainly of clay with high moisture contents,
two were found to consist of layers of sand and silt
while the remaining 17 consisted almost entirely of

sand with moisture contents ranging from 20 to 30 percent.
Data on these borrow areas is summarized in Appendix

B, Volume 1.

VTedud In general, the 17 borrow areas which contained
soil that is considered to be suitable for embankment
use, contain sand which is quite fine and very often
silty. The ice type was generally classified as Nbn
(Non-visible, no excess ice) with moisture contents
averaging about 25 percent.

7.3.3 In almost all the test holes in these borrow

areas, the entire profile was frozen with the exception

e
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of the test holes drilled in the sand ridge at Borrow
Area 22 where the permafrost table was found to be at
considerable depth.

7.1.4 One noticeable feature in these borrow areas
is that the topographic position appears to have little
influence on the moisture content of the material.

The sand in the sand dunes, or ridges, has just as high
a moisture content as sand in the low lying areas.

7.4 Sections of Potential Excessive Settlement

7.4.1 No problems with excessive settlement of
the subgrade are expected in this section.

7.5 Stability Problems on Side Hill Locations

7.5.1 The only location in this section where side hill
stability may be a problem is in the vicinity of Test
Holes 338, 339 and 340 (Mile 554) . At this location,
the grade of the alignment drops sharply down a steep
incline along a side hill. Almost certainly a side
hill cut will be required. The soils at this location
are sand with relatively low water contents. It is
believed that a cut section would be quite feasible

at this location. Unfortunately, we have no field
data on the inclination of the backslope which can

be left in cuts in frozen sand. We would suggest that
some simple laboratory testing could be undertaken

to ascertain the angle of repose of such sand during
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and after thawing has been completed. The- type of
laboratory testing which should be carried out is
discussed in a section below entitled "Further Laboratory
Testing".

7.6 Stability Problems in Cuts

1461 In this section, there are sixteen locations
where the grade designer might wish to cut into the
existing ground. The data for each possible cut is
summarized in Appendix B. In general, cuts in sand
with low water contents are feasible. Where the soils
are mixed or consist mainly of clay, cuts are not
recommended.

T46.2 The problem of estimating safe backslopes in
excavated sand has been discussed above. 1In this sand
material, the stability of slopes cut on side hills
and also through ridges will be similar.

7.7 Liguefaction and Pumping Problems

7.7.1 Due to the silty nature of most of the soil

in this section, liquefaction and pumping problems

may occur where soil with a moisture content in excess

of 25% is included within the embankment. As it may
be-impossible to exclude soils with water contents

in excess of 25 percent from the embankment, it is

possible that instances of pumping may occur in a completed

embankment within the first year or two after construction.
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We suggest that the most economical method of dealing
with this problem is to handle sections where pumping
occurs as part of a normal maintenance program. We

do not expect serious problems with liquefaction and
pumping to occur in the subgrade soils where the height
of embankment is in excess of 4 feet.

7.8 Erosion

181 Fine sands, particularly silty sands, are
susceptible to erosion by running water and wind. The
chart shown as Plate 8, Appendix E shows the relative
susceptibility of various soil types to erosion. We
believe the most serious problems with erosion in such
soils will occur in cuts where the gradient is greater
than one percent. Such a gradient is extremely low.

The precautions which can be taken include building

small dams to act as catchment areas and in seeding.
However, as is generally appreciated, it is extremely
difficult to obtain a good growth of grass in this

area in less than 3 years. The problem of erosion

of fine sand will be particularly acute where the alignment
crosses a creek or stream. Ditches in such soil materials
must not discharge into creeks unless it has been ascertained

that no damage to the creek environment can occur.



R.M.HARDY & ASSOCIATES LTD.

7.9 Seepage
V9.1 No problems with seepage of ground water

are expected in this section.

7.10 Construction Methods and Scheduling

7.10.1 It is believed that most of the embankment

in this section will be constructed out of borrow
material and that there will be very little cut-and-

fill employed. Most of the embankment material will
therefore be borrow and almost all of this will be

sand. As discussed in the section "Strength of Frozen
Soil" (Volume 2) the strength of frozen soil, and therefore
its capability to resist excavation, is a function

of the soil type and temperature. As will be seen

from Figure 14 (Section 21.2), Volume 2, frozen sand

has very high compressive and shear strengths. As

far as we are aware, the only cases where frozen sand

has been excavated in the winter have been where the

sand is in relatively small quantities and the cost

of excavation is a small proportion of the total cost

of a larger job. In case of highway construction,

cost of excavation of borrow can be a significant proportion
of the total overall cost. |

Twdll 2 Excavation of the frozen sand borrow in the
winter may well entail drilling and blasting. It is

possible that ripping would prove more economical but
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this is extremely doubtful. If the sand borrow is
excavated and placed in the embankment in the winter,
there will be considerable loss of volume in the embankment
when the material thaws. However, experience near
Inuvik has shown that this loss of volume can be allowed
for in the original placement with the results that

a good embankment results after thawing is complete

and the top of the embankment has been dressed by equipment.
71+10.3 Other alternatives would include excavating
the sand and placing in the embankment in the summer.

We doubt if it would be possible for scrapers, or other
moving equipment, to operate in the sand borrow pits

in the summer. Almost certainly "quicking" would occur
beneath the equipment wheels. However, it is possible
that the material could be scraped up as it thaws by
bull dozers and drag lines and piled in windrows to
allow it to partially dry out. The material could

then be loaded into dump trucks and transported to

the grade.

7.10.4 We are recommending the construction of a

test section of embankment at approximately Mile 580
(see Section 17 "Proposed Test Section") and the most
economical method of excavating the various types of
borrow could be investigated then. Clearing of the

right-of-way and borrow areas could take place during
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the winter most economically.

7.11 Further Laboratory Testing

Tellel As mentioned above, there is no data available
on the behaviour of frozen sands when excavated and
allowed to thaw. We therefore suggest that some simple
laboratory testing be undertaken in order to ascertain
what angles of repose can be anticipated in such material.
One simple test we propose is to prepare blocks of
frozen sand at a water content corresponding to conditions
in the field, and then permit the sand to thaw out

on one face. Figure 4, (following page) shows the

method of carrying out this test. It should be repeated
for various conditions eg. commencing with a vertical
cut face, commencing with a face cut to a slope and

so on.

7.12 Discussion

7.12.1 The topographic conditions in this section

do not pose any particular praoblems in highway design

and location. There is only one stream where a bridge

is planned (Big Smith Creek which is really the boundary
of this section).

Tl i Borrow material is plentiful, but unfortunately,
there will be many problems connected with its excavation.
We believe that the construction of this section can be

carried out most economically during the summer and fall.
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Cube of Frozen Sand
10" x 10" x 1lo"

at varying water
contents

2" thick rigid insulation

SUGGESTED EXPERIMENT TO STUDY ANCLE OF REPOSE OF

THAWING SAND
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However, due to ecological considerations, it will probably

be necessary to schedule construction during the winter.
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8. MILE 568 - MILE 583

8.1.1 This section comprises the 15 miles of alignment
immediately south of the Great Bear River. The topography
along the route is fairly level with the only steep
gradients being found in the approaches to three creeks
and the Great Bear River. Of the three creeks, the

only one of significance is at mile 568.1. Drainage

is in the direction of the Mackenéie River and is
generally poor to fair.

8.2 Soils

8.2.1 The soils in this section of the alignment
consist of interbedded clays, silts and sands. There

is usually a very thin cover of peat at the surface

which is often missing where the C.N.T. right-of-way

has been cleared. Moisture contents are extremely
variable and are invariably considerably above the
optimum for embankment use.

8.2.2 Ground ice is fairly low in volume with estimates
of excess ice being much lower than is usually the

case with soils so close to the Mackenzie River.

8.2.3 The soils in this section are quite variable

in type and density. Figures 5, 6 and 7 show the distribution

of dry density versus percentage of occurrence for
the three soil types, silt, clay and sand in this section.

It will be observed that there is far greater variation
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- in the densities of these materials than there is in

the sand material in the previous section (see Figure
3). 37 percent of the clay samples tested had dry
densities less than 90 pounds per cubic foot. It can

be assumed that when the soils do thaw they will

- consolidate to a density of approximately 90 pounds

per cubic foot so that settlements, in some cases fairly
considerable, can be anticipated in this section. Of
the silt samples tested, 53 percent had dry densities

= less than 90 pounds per cubic foot. 20 percent of

- the silt samples had dry densities less than 70 pounds
per cubic foot.

8.2.4 We do not anticipate sudden subsidence of

any sections of the embankment and the settlements

» that do occur can almost certainly be taken care of

- by normal routine maintenance procedures for a gravelled
highway. From the above data, we would deduce that
settlements of as much as 2 feet can be anticipated

in a highway embankment over the course of 20 years.

= We would also expect that settlements of as much as

one foot could occur in the 5 years following construction.

8.3 Borrow Material

8.3.1 Eighteen areas were examined as potential
- borrow pits in this section of the alignment. The
- three most southerly areas (designated as borrow areas
s
o] - 41 -
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17, 39 and 40 at miles 569 and 571) contained sand with
low moisture content. The depths of the sand were

quite considerable. The next 10 pits, Nos. 6 through

15, all contained clay and silt in different layers

with moisture contents varying from 25 to 40 percent

and with some considerable ice contents.

Ga3:2 The most northerly five areas contained mixtures
of sand, clay and silt with moisture contents ranging

from 25 to 40 percent. Ice contents were quite high.

8.4 Sections of Potential Excessive Settlement

8.4.1 The problems associated with settlement due
to thawing of ground ice has been discussed above.

8.5 Stability Problems on Side Hills

8.5.1 There is only one location in this section

where a cut in a side hill may be required. This location
is on the south side of the Great Bear River where

the alignment drops down to the river crossing. At

the time the drilling program was undertaken, the alignment
in this section between the Great Bear River and the
southerly end of the air strip had not been laid out

on the ground. Test Holes 452 and 453 are on either

side of the probable location of any cut. Also, the

test holes in Borrow Area 1 will give some indication

of the probable soil conditions. We believe that a

side hill cut in this area would be most unstable and
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we would advise very strongly against such a design.

We believe that the road should be located so as to

take advantage of existing routes, such as down an existing

creek which has its head at the approximate location
of Test Hole 452, or down the existing road to the pump
house at the location of Test Hole 453.

8.6 Stability Problems in Cuts

8.6.1 There is only one place where a cut section
is a possiblity and that is on the creek crossing at
mile 568.1. This crossing is straddled by Test Holes
220 and 221. The south side of the valley of this creek
shows evidence of instability due to thawing of ground
ice. The log for Test Hole 221 shows 29 feet of sand
overlying interbedded clay and till layers which hold
fairly high ice contents. Test Hole 222 shows 44 feet
of sand overlying clay. Test Hole 219, on the north
side of the creek, showed interbedded layers of silt,
sand and clay with high ice contents.

8.6.2 We believe that any cuts made in the valley

walls of this creek will be unstable and the material

so obtained from such cuts will make for a poor embankment.

The height of embankment required over the center of
the creek will be considerable and will require a large

amount of borrow.

- g3
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8.7 Liquefaction and Pumping Problems

8.7.1 Liquefaction and pumping may occur in sand
used in the embankments where the water content of the
borrow material exceeds 25%. This problem could also
occur where silty soils are used as embankment material.
The problem is unlikely to arise where well compacted
clay is used as fill although the use of clay in this
section is extremely doubtful.

8.7.2 We suggest that the most economical way to
handle this problem is as part of a normal maintenance
program. That is, to remove problem soils from the
embankment and replace them with better material.

8:7s3 We do not expect such problems to arise in

the subgrade soils where the height of embankment exceeds
4 feet.

8.8 Erosion

B.8:1 Silts are very susceptible to erosion by water
particularly in the spring due to the weakness of thawing
soil and the high run-off. Clay is much more resistant
to running water. As far as possible, the vegetation
(such as grass) in the right-of-way should be preserved
and bare patches should be seeded. Run-off from the
alignment should not discharge into streams but should
be deflected into heavily treed areas. The behaviour

of the surface soils along the right-of-way should be

- g =
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closely observed during and after construction. Remedial

measures can then be taken as required.

8.9 Seepage
8:9:1 No instances of seepage were found during

the field program. We believe it is unlikely that such
problems will arise following construction.

8.10 Construction Methods and Scheduling

8.10.1 It is believed that the entire length of embankment
in this section will be built from borrow material.

As mentioned above in the section entitled "Borrow Material"
Section 8.3) most of the material available is of poor
quality with high moisture contents. We do not believe

it is feasible to excavate most of this material in

the summer. We therefore conclude that the only feasible
course will be to excavate the sand material in the

borrow areas at mile 569 and mile 571 and use the same
techniques as described above. (See Section 7)

8.11 Further Laboratory Testing

8.11.1 We do not believe that further testing of

the soils in this area is justified.
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9.1,1 Two islands in the Mackenzie River, located

9. RIVER ISLANDS

opposite the mouth of the Great Bear River, were investigated.
Three test holes were drilled on these islands. The
holes were number 456, 457 and 458. The soil material
in all three test holes was sand, fine to medium grained,
fairly well graded. Permafrost was not encountered.
D)2 Water contents in the sand ranged from 5 to

25 percent with the average moisture content being 18
percent.

> These islands were investigated as possible
sources of borrow material for the cembankment. It was
concluded that, while the material would be suitable

for embankment construction, exploiting these deposits
would require further study of the effects of removal

on ecology and river navigation.
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10.1.1 This section covers the area immediately north

10. MILE 583 TO MILE 590

of the Great Bear River, to the foot of the pass located

on the north side of Bear Rock, in which the alignment
climbs approximately 500 feet. Drainage is good with

the general direction being to the Great Bear River.

10.2 Soils

N 0 The soils in this section are glacially deposited
tills consisting of layers of clay, silt and sand. Moisture
contents are highly variable with values ranging from

10 to 40 percent and higher. Test Hole 470 is typical

of this section. 1Ice and water contents are fairly

high in the lower-lying ground near the Great Bear River
but become much lower as higher ground is reached. Shale
was found in some test holes. Dry densities vary
considerably as shown on Figure 8 (following page).

10.3 Borrow Material

103l The borrow pits contain similar material to

that found on centerline. In general, the borrow material
in the lower-lying areas is very poor but does improve
markedly as higher ground is reached. The borrow pits

in this section are numbered 51 through 67. The material
in these pits is summarized on the borrow summary sheets
in Appendix B. As will be seen from the summary, most

of these pits could be used for borrow although, in

w KT =
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almost every case, it will be necessary to select material
and, particularly in the case of the upper material,

to waste considerable quantities. As the soil material
generally improves with depth in any pit, it may well

be economical to limit the number of pits and to use
longer hauls. Photographs 19, 20 and 22 show typical

soil samples from this section.

10.4 Sections of Potential Excessive Settlement

10.4.1 Settlement can be anticipated in any area
where there are large amounts of excess ice in the subgrade.
In this particular section, such areas are found in

the lower lying ground in the vicinity of the Great

Bear River. As higher elevations are reached towards

the pass, the amount of excess ground ice is considerably
reduced and, therefore, so is the potential for excessive
settlements.

10.4.2 As mentioned above, settlement due to thawing
of ice in the subgrade will take place at a rate which

is approximately proportional to the square root of

time. It would be impossible to give actual values

for each section without an exhaustive study of the

test hole data. However, as a guide for design purposes,
we would suggest that settlements of as much as one

foot in the subgrade should be expected within the first
5 years following construction and that a further one

foot of settlement could be expected in the following
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15 years. However, such settlements should only be
expected in relatively small sections. On the average,
settlements of the subgrade will be much less than these
figures.

10.5 Stability Problems on Side Hill Locations

1051 The alignment climbs from the Great Bear River
up a ravine. The seriousness of any problems in this
section will be dependent on the exact alignment of

the centerline. Slopes in the ravine appear stable

(no evidence of recent movement was observed). However,
the slopes are as steep as 2:1 and any additional loading
on top of such a slope, or additional steepening by
cutting, will probably cause a problem. As far as possible,
the alignment should follow the existing ravine with

side hill cuts being avoided. Such an alignment may
entail a poor geometric alignment of the road but we
believe that this will be preferable to inviting problems
with slope failures. Views of this ravine are shown on
Photographs 7 and 8, Appendix A.

10.6 Stability Problems in Cuts

10.6.1 A cut section will probably be required between
the locations of Test Holes 461 and 521 (Mile 583.6).
This cut will be required where the alignment climbs

out of the ravine onto higher ground. Test Holes 461

and 521 show that the soil conditions are layers of
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silt, sand, clay and gravel. Water contents vary from

10 to 28 percent (except in the upper 3 feet where higher
water contents were found) and the ice type is generally
Nbn.

10:6:2 Due to the low ice contents in the soils,

we would expect that cut slopes would be relatively
stable. However, it is possible that higher ice contents
may be found in isolated sections. Therefore, if a

cut section is constructed in this area it may be necessary
to overexcavate and face the slopes with more stable
material in certain portions. Another alternative

is to accept the necessity for remedial work on the
slopes from time to time.

10.6.3 Data on possible cut sections is summarized

in Appendix B.

10.7 Ligquefaction and Pumping Problems

£0: 7wl Liquefaction and pumping problems are not
anticipated in this section except where silt may be
included in the embankment. As it will generally be
impossible, for practical purposes, to exclude pockets

of silt entirely from the embankment we would suggest

that pumping problems can be dealt with as part of routine
maintenance.

10.8 Erosion

10 ,8.10 Problems with erosion can be anticipated where
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the subgrade soils are silts and sands and particularly
where the alignment is on a gradient exceeding 1 percent.
As it will be impossible to avoid gradients of such

low slope, and as it will also be impossible to avoid
placing the alignment in areas of sand and silt, problems
with erosion can only be handled by taking precautions

as far as possible and also by instituting a program

of maintenance. Problems of erosion and suggested solutions
are described more fully in Section 22, Volume 2.

10.9 Seepage

10:9.1 No problems with seepage are expected in this
section.

10.10 Construction Methods and Scheduling

10,10 .1 We do not consider it feasible to excavate
and place any of the soil in this area during the summer.
This so0il material could be excavated and placed in
the winter, however experience of winter placement of
similar soils has been discouraging. We suggest that
winter placement would be feasible provided that care
is taken to exclude any of the surface soils which are
ice rich and any soils which contain a high proportion
of silt. Loss of height in the embankment during the
summexr following construction must be allowed for in
the design. Experience gained in the construction of

the test section at Mile 570 could be used as a guide
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as to whether to use the borrow in this section or excavate
bedrock from the next section.

10.11 Further Testing

10.11.1 Further testing of soil materials in this
section is not considered to be justified.

10.12 Miscellaneous

10:12:1 We understand it is proposed to provide a
ferry service between Fort Norman and the north bank

of the Great Bear River which will actually operate

on the Mackenzie and will go around the Great Bear.

It will therefore be necessary to construct a short
section of road from the Mackenzie to meet with the
proposed alignment. The location of this section of
road has not yet been determined and no test drilling
was done. From an examination of aerial photographs,

we believe thaé the soil conditions, and consequent
construction practices, will be as already described

in this section.

10.12.2 It is probable that the most economical method
of obtaining embankment material for this section will
be to bring it from north of Mile 590. This will entail
long hauls (similar to the conditions on the south side
of the Great Bear River) but will probably be the most

economical alternative in the long run.
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Aladsil The first two miles of this section runs through

11, MILE 590 TO MILE 601

the pass to the north of Bear Rock. (See Photograph 9)
Drainage is generally to the west with the main drainage
channel being Jungle Ridge Creek. There is a fairly

steep climb up to the pass and down on the northerly

side but from thereon gradients are gentle and the topography
is generally undulating. Part of this section runs

along the top of Jungle Ridge. (See Photograph 14)

11.2 Soils

i e D o The soils in this section consist mainly of

clay till with some sand. Moisture contents range from

5 to 20 percent and are generally below 15 percent (except
for the surface soils). Bedrock was encountered at
shallow depths (4 to 14 feet) in several test holes

and is also exposed on the flank of Bear Rock (Photograph
10). Ice contents are also low with very little visible
ice being reported. Dry densities are generally high

as illustrated on Figure 9 (following page).

11.3 Borrow Material

11l.3.1 The borrow pits in this section are numbered
from 68 through 88. The borrow material in this section
is till, mainly clay, with some sand reported. As the

moisture contents are low we believe it would be feasible

- G e



R.M.HARDY & ASSOCIATES LTD.
e e s 7 .
70 |

60 HISTOGRAM OF DRY DENSITIES
N MILE 590 - 601
Total Number Of
Samples = 108
50 .
Ej
. 40 -
o
—
o
g
©
W
Y
o)
g 30 |
)
=
20 -
10 4
0
65 70 80 90 100 105

Dry Density Range (pcf)

E-=2510 G. M-~ FTIGIIRE Q



i

R.M.HARDY & ASSOCIATES LTD.

to excavate this material in the summer. As the borrow
material in the preceeding section is not so suitable
for road construction, we would also advise that borrow
material for that section be obtained from this section.
See Photographs 21 and 23, Appendix A.

11.4 Sections of Potential Excessive Settlement

Tt % | No areas of excessive settlement of the embankment
are expected in this section. As mentioned above in

the section "Soils" ice contents in the till are generally
low. Any small settlements in the embankment can be
remedied as part of the normal maintenance program during
the first few years following construction.

11.5 Stability Problems on Side Hills

d XS wd It is possible that part of the embankment

in the pass will be on side hill locations with a fairly
low side gradient. We do not anticipate any problems

with the stability at the embankment per se in the sections
however, some problems with erosion due to drainage

may occur.

11.6 Stability Problems in Cuts

114641 Three cuts are possible in this section. See
Appendix B for a summary of the relevant data.

11.7 Liquefaction and Pumping Problems

11.7.1 Liquefaction and pumping is not expected to

be a problem in this section.
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11..8.1 Problems with erosion are not expected to

1l1.8 Erosion

be serious in this section.

"11.9 Seepage

b % [ Seepage of subsurface water was observed at
approximately mile 591.1 in the vicinity of Test Hole
574. (Photograph 11) Seepage could possibly be a problem
in areas of side hill location especially on south facing
slopes where the active layer is comparatively deep.
However, no other examples of seepage were found during
the geotechnical investigation.

11.10 Construction Methods and Scheduling

6 1 W | We believe that most of the borrow pits in

this section could be excavated in either the summer

or the winter. During a summer operation, some difficulties
with the operation of heavy equipment in the borrow

pits may be experienced while stripping the near-surface
soils which have relatively high water contents. It

would undoubtedly be easier to excavate the borrow material
during the winter. However, once the high water content
soils have been stripped from borrow areas, the excavation
and placement of the underlying soils with lower water
contents would be easier in the summer. An ideal solution
would be to strip the waste material from borrow areas

in the late winter and then excavate the more desirable

w B =



material in the summer.

11.11 Further Laboratory Testing
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6 i P o I Further laboratory testing of soils in this

area is not considered to be justifiable.
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12.1.1 This section is generally level but is quite

12, MILE 601 TO MILE 603

well drained with most of the drainage being into Jungle
Ridge Creek. (See Photograph 13 for a typical view of
the terrain.)

12.2 Scoils

12.2.1 The soils consist mainly of clay till with

some silt and sand. Moisture contents generally range
between 10 and 20 percent and ice contents are low except
at the surface. (See Photographs 26, 27 and 28, Appendix
A) |

12.3 Borrow Material

12,31 The borrow material in this section consists
of clay till with fairly low moisture and ice contents.
Because of the low moisture contents we suggest that
winter construction of an embankment is feasible.

12.4 Sections of Potential Excessive Settlement

12.4.1 Because of the low ice contents in these soils,
we do not expect any problems with settlement due to
thawing of ground ice.

12.5 Stability Problems on Side Hills

12:5:1 No side hill locations are in this section.

12.6 Stability Problems in Cuts

12.641 No cuts are expected in this section.
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12.7 Liquefaction and Pumping Problems

32 wd ol No liquefaction and pumping problems are expected
in this section.

12.8 Erosion

12.8.1 No unsual problems with erosion are expected

in this section. Clay soils are generally resistance

to erosion except on steep slopes which will not occur

in this section.

12.9 Seepage

12:9:1 No problems with seepage of ground water are
expected in this section.

12.10 Construction Methods and Scheduling

12.10 1 We believe that most of the borrow pits in

this section could be excavated in either the summer

or the winter. During a summer program, some difficulties
with operation of heavy equipment in the borrow pits

may be experienced while stripping the near-surface

soils which have relatively high water contents. It

would undoubtedly be easier to excavate the borrow material
during the winter. However, once the high water content
soils have been stripped from borrow areas, the excavation
and placement at the underlying soils with lower water
contents would be easier in the summer. An ideal solution
would to strip the waste material from borrow areas

in the late winter and then excavate the more desirable

w G -
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12:11s1 Further testing of the soil materials in this

material in the summer.

12.11 Further Laboratory Testing

section is not justifiable.
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13. MILE 603 TO MILE 617

12.1.1 In this section, the alignment is generally
perpendicular to the drainage. The principle creeks
are Nota, Vermilion, Prohibition, Christine and Helava
Creek. The topography is gently undulating with the
only sharp breaks being at the banks of creeks (see
Photographs 16 and 17). Drainage is generally good.
13.2 Soils

13.2.1 The soils in this section consist of a layer
of clay till (6 to 15 feet in depth) overlying clay
shale. The till consists of silty clay, sometimes sandy,
with rust stains and coal pieces scattered through it.
Pebbles and stones are very common. Water contents

are generally within the range of 10 to 20 percent and
ice contents are low.

1340 On top of the till there is very often a thick
covering of surface soils consisting of peat, organic
clay and silty clay. The thickness of the surface soils
varies from a few inches to 4 feet with the average
thickness being less than 2 feet. Water and ice contents
are generally high in the surface soils although they
tend to dry out very rapidly in the summer.

1323 The bedrock, which was encountered at shallow

depths, consists of clay shale of high plasticity. Water
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contents are low, generally less than 10 percent, and
the ice was usually non-visible. (See Photographs 24, 25,
29, 30 and 31, Appendix A.)

13.3 Borrow Material

1331 Borrow material also consists of clay overlying
clay shale with fairly low moisture contents. Because

the clay shale has characteristics which are very similar
to the till, we suggest that the material could be treated

in the same way.

13.4 Sections of Potential Excessive Settlement

13.4.1 Due to the low ice contents in the subgrade
soils, problems with excessive settlement will not occur
in this section.

13.5 Stability Problems on Side Hills

13:8:.1 No problems on side hill locations will occur
in this section.

13.6 Stability Problems in Cuts

13:6:l Cuts are expected at the approaches to Nota:
Creek, Vermilion Creek, (on both banks) and also on

the southerly approach to Prohibition Creek. We understand
that it is intended to provide bridge crossings of these
creeks. As each bridge site will form the subject of

a separate report, we propose to deal with the probklem

of cutting into the river banks in those reports and

not deal with these problems here except to summarize

- G



R.M.HARDY & ASSOCIATES LTD.

13.7 Liquefaction and Pumping Problems

the data in Appendix B.

13:7:1 No problems with liquefaction and pumping

are expected in this section.

13.8 Erosion

13,81 Erosicn problems are not expected to be serious

in this section except at creek crossings. Due to the
intensity of run off during the short spring, precautions
should be itaken where any embankment is constructed

in the flood plain of any creek. As suitable riprap

is unobtainable in this area, resort may have to be

taken to using sand bags. Such protection will be necessary
at the toes of embankments where a bridge is provided.
13.8.2 Where culverts are installed, it will be necessary

to pay particular attention to compaction of the embankment

material arcund the culvert.

13.9 Seepage
13.9.1 No problems with seepage of ground water are

expected in this section.

13.10 Construction Methods and Scheduling

13,101 We believe the soils in this area can be excavated
and placed in either the summer or the winter with summer
construction being preferred for economic reasons.

13.11 Further Laboratory Testing

13,11.1 Further laboratory testing of soils in this

section is not believed to be justified.

e
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14.1:1 This section covers the area from % mile north

14. MILE 617 TO MILE 622

from Helava Creek to the vicinity of borrow area 121 on

the north side of Canyon Creek. 1In this section the
alignment crosses Francis Creek and Canyon Creek. Drainage
is generally good and is perpendicular to the alignment
except for the last mile of this section when the drainage
is generally parallel with the alignment.

14.2 Soils

14 .,2.1 The soils in this section consist of clay,

silt, sand and gravel which are interbedded. Gravel

and sand predominate near creeks. Water contents are
highly variable with very high water contents found

in the soils near the surface.

14.2.2 Figure 10 (following page) is a histogram showing
the distribution of dry density versus the number of samples
for 39 core samples taken in this section. It will be
observed that over 70 percent of the samples had dry
densities in excess of 100 lbs./cu. ft. Most of this

high density material was obtained in borrow pits 119 and
120 and can not be considered typical of the soils in

this section.

14.3 Borrow Material

14.3.1 The borrow areas in this section are numbered

- BY =
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110 through 120. Of these eleven borrow areas, numbers
112 through 118 are unsuitable mainly due to the high
water contents.

14.3.2 Borrow areas 110 and 111 (mile 617) will provide
sufficient material for several miles but the upper
material in each case would have to be wasted. Borrow
areas 119 and 120 (mile 621) are both good sources of
borrow with very little waste being necessary.

14.4 Sections of Potential Excessive Settlement

14.4.1 Water contents in the soils in this section

are highly variable. Generally, very high water contents
are only encountered in the top 5 feet of the subgrade.

We expect excessive settlement of the subgrade soil

to occur in small isolated sections so that settlement

of the embankment due to thawing of the subgrade soils

will be highly irregular. Settlements due to thawing
ground ice are not expected to exceed one foot during

the first five years following construction and the

maximum of another foot in the following 15 years after
that.

14.4.2 Because of the extreme variability in the

ice content of the soils, it will be impossible to lay

out the embankment profile to allow for possible settlement.
The only feasible procedure would be to bring the embankment

up to grade wherever necessary during routine embankment
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14.5 Stability Problems on Side Hills

maintenance.

14.5.1 No side hill locations are found in this section.

14.6 Stability Problems in Cuts

14.6.1 No cuts are expected at Francis Creek due to low
banks. A cut is not recommended at Canyon Creek (see
Appendix B).

14.7 Ligquefaction and Pumping Problems

14.7.3 Some liquefaction and pumping problems may
occur in this section where silt is found in the top

3 feet of the subgrade. As it will be relatively difficult
to forecast accurately the precise locations of any

such problems, we believe the best method of handling
this problem is through routine maintenance programs.
14.8 Erosion

14.8.1 Erosion is quite possible in this section
where the toe of the embankment is in silt. Precautions
will have to be taken at the approaches to the creeks

to ensure that eroded material is not carried into the
stream.

14.9 Seepage

14.9.1 No problems with seepage of ground water are
expected in this section.

14.10 Construction Methods and Scheduling

14.10.1 The work in this section could be carried

out in either the summer or the winter. In the borrow
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areas there are high water contents in soils found

on the surface. Difficulties may be experienced with
heavy equipment attempting to clear waste material from
these areas. Such material could be cleared most easily
in the winter when it is frozen.

14.11 Further Laboratory Testing

14.11.1 Further laboratory testing of soils is not

considered to be necessary for this section.
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15:1:1 This section runs from the vicinity of borrow

15. MILE 622 TO MILE 628

area 121 to the vicinity of borrow area 133. In this
section the alignment climbs slightly to Hodgson Lake
and then drops as Norman Wells is approached. Drainage
is generally perpendicular to the alignment and is good.
15.2 Boils

15.2.1 The soils in this section consist of clay till
over shale with some deposits of sand and gravel being
found. Water contents are fairly high in the surface
soils but decrease rapidly with depth.

152 2 At Test Hole 1019 (Mile 626.4), seven feet

of massive ground ice was encountered in the 13 to 20
foot interval. This test hole was drilled in a small
basin, of approximately 100 feet diameter, on an esker
or fan deposit. Two other test holes (969 and 970)

were drilled close by but did not encounter massive

ice. This massive ice deposit appears to be an isolated
phenomenon. It is inevitable that this ice will thaw
after the embankment has been in place for several years.
15.2.3 Figure 11, following page, is a histogram
showing the distribution of dry density versus the number
of core samples in this section. It will be observed
that the distribution of dry density is fairly even

within the range of 65 to 100 1lbs./cu. ft. Forty percent
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of the samples had dry densities in excess of 100 1lbs./cu.
ft. This histogram demonstrates the variablity of dry
density, and consequently ice content, within the soils

in this section. (See Photographs 32, 35 and 36, Appendix A).

15.3 PRorrow Material

15351 The borrow areas in this section are numbered

121 through 133. The material varies with most of the

pits containing clay till and some pits containing sand

and gravel. Borrow area 125 provides an excellent source
of borrow in the form of sand and gravel with maximum

water contents of about 15 percent. The estimated available
guantity from this area is 200,000 yards. Other good
sources are borrow areas 124 and 132. Borrow area 129
provides a good source of borrow and bedrock. The quantity
available in this last pit exceeds 300,000 cu. yds.

From the other borrow areas, some stripping and wastage

of surface material will be necessary before the better
material can be obtained.

15:3:2 Some eskers which lie a short distance to the
northwast of borrow area 124 were not investigated because
they were considered to be too far from the centerline

for economical haul. However, it is certain that these
eskers do contain large quantities of good borrow and
their existance should be taken into account for future

requirements.

.
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15.4 Sections of Potential Excessive Settlement

154 1 Settlement of the embankment can be anticipated
where there are silt soils in the top of the subgrade.

It is not expected that eventual settlement in such areas
would exceed 2 feet as a maximum in 20 years.

15.4.2 As mentioned above, massive ground ice was
encountered in Test Hole 1019 at Mile 526.4. It is
probable that there will be a cut through this series

of ridges with the result that the final grade may

be only 2 or 3 feet above the top of the massive ground
ice. 1In such case, it will be imperative that the ground
jce should be excavated and removed and the resulting

void backfilled with suitable material.

15.4.3 In the event that a cut is not used at Mile
526.4, it will be permissable to leave the massive ground
ice in place and to allow it to thaw. The thawing of this
ground ice will take many years and the settlement problems
associated with the thawing can be taken care of by routine
maintenance.

15.5 Stability Problems on Side Hills

15.5.41 No stability problems on side hill locations are
expected in this section.

15.6 Stability Problems in Cuts

15:6:1 The only location for a possible cut in this
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section is at Mile 526.4. The existance of massive
ground ice at this location has been mentioned above.

If a cut is made through this ridge, it will be necessary
to excavate the massive ground ice and backfill the

void as mentioned above.

15.6.2 No problems with the stability of the back-
slopes in a cut at this location are anticipated. The
ice contents in the soil are quite low and the depth

of cut would be relatively small (no more than 15 feet).

15.7 Liquefaction and Pumping Problems

15 .7 1 Pumping problems may be encountered where there
are deep deposits of silts with high water contents in the
subgrade. We do not think it would be economical to remove
such soils prior to placement of the embankment. We would
suggest leaving them in place and handling any pumping
problems as they occur through routine maintenance as

the number of places where such problems may occur is

guite limited.

15.8 Erosion

15.8.1 Erosion will occur where there are silt or fine
sand soils in the subgrade and where tﬂé.sufface vegetation
has been removed. The comments in previous sections on

erosion will apply here.
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15.9 Seepage

15.9.1 No problems with seepage are expected in this
section.

15.10 Construction Methods and Scheduling

15:10.1 The work in this section could be carried out
in either the summer or the winter. Surface soils with
high water contents could best be cleared from’the borrow
pits in the winter. Excavation and placing of selected
borrow could be done in either the summer or the winter
with a summer operation probably being more economical.

15.11 Further Laboratory Testing

15.11.1 Further laboratory testing of soils in this

section is not considered necessary.
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16.1.1 NOTE - There is a chainage equation in this

16. MILE 628 TO MILE 635

section. Mile 629.12 Back = Mile 626.47 Ahead. There

is, therefore, duplication of mile post numbers 627,

628 and 629.

16.1.2 This section covers the alignment between the
vicinity of borrow area 134 and Bosworth Creek. The
topography in this area is gently sloping at right angles
to the alignment. Drainage is southerly towards the
Mackenzie River. The country is fairly level in the
direction of the alignment with no major gradient changes.

16.2 Soils

16:2:1 The soils in this section are mixed and consist
of sand, clay, gravel and silt interbedded. Siltstone was
occasionally encountered in the deeper holes. Water
contents are occasionally high in the surface holes but
decrease markedly with depth. Ice contents are generally
low.

16.3 Borrow Material

16.3.1 The borrow areas in this section are numbered
134 through 146. Most of the borrow areas investigated
are useable and the amount of borrow available ié more
than sufficient for embankment requirements. (Borrow

area 134 contains excellent sand and gravel. Access

-
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in the summer may not be possible due to muskeg.) The
rock exhibits poor resistance to freeze-thaw action.
16.3:2 The soils in the borrow areas consist of sand,
shale, clay and some silt with small amounts of gravel
occasionally found. Some wastage of surface soils would
be necessary from some of the borrow areas but there are
other potential borrow areas which have very little waste
material and it may not be necessary to use the less
desirable pits.

16.3.:3 There is an existing rock quarry at Mile 629
adjacent to borrow area 135. This existing quarry is
marked on mosaic sheet 52 as Camp 4. The quarry has
been used for some years and will yield large quantites
of rock suitable for embankment and embankment capping
but not for riprap.

16.4 Sections of Potential Excessive Settlement

16.4.1 No severe problems with excessive settlement
due to thawing of ground ice are expected in this section.

16.5 Stability Problems on Side Hills

16.:5:) No problems with side hill cuts are expected in
this section.

16.6 Stability Problems in Cuts

16.6.1 No cuts are recommended in this section.

16.7 Liquefaction and Pumping Problems

16.7.1 Some problems with liquefaction and pumping

- 73 -



R.M.HARDY & ASSOCIATES LTD.

may be encountered where there are silt soils in the
top of the subgrade. As in previous sections, we do
not recommend attempting to remove such soils prior to
placement of the embankment but rather to take care of
such problems as part of routine maintenance.

16.8 Erosion

16.8.1 Ho serious problems with erosion of soils are
anticipated in this section. Care should be taken
where silt and sand soils will be found in the top of the
subgrade.

16.9 Seepage

16 9 .d No problems with seepage of ground water

are expected in this section.

16.10 Construction Methods and Scheduling

16.10.1 Construction in this section could take place

in either the summer or winter. Stripping of waste
materials from borrow areas would best be done during the
winter. Also, at this time of the year, rock could

be quarried and used for embankment material and could

be placed in the winter. An alternative would be to place
soil borrow in the winter and cap this material with
broken rock.

16.11 Further Laboratory Testing

16sdled Further laboratory testing of soils in this

section is not considered to be necessary.
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) iy (S Difficulties have been encountered in constructing

17. PROPOSED TEST SECTION

highway embankments in permafrost conditions at other
locations in the Northwest Territories. Also, the number
of contractors who have had experience at such work

is limited. We suggest that there would be great benefits
to be derived from the construction of a short test
section of embankment using as many different materials
as possible in a location which is as close as possible

to being representative of the conditions to be encountered
in this area. The test section would serve to gain
experience in various construction techniques and methods
and of the behaviour of various types of soils when
thawing. Preferably, the construction of a test section

of embankment should meet the following conditions:

1. Tt should use as many different soil types as
possible.
2 Construction should take place under both summer

and winter conditions.
Fn The location should be so chosen that the test
section will form part of the permanent highway.
4, The location should be sufficiently close to
either Norman Wells or Fort Norman to facilitiate
mobilization and demobilization of men and

equipment.
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54 Conditions during construction should simulate,
as far as possible, conditions which would
actually be encbunteréd on a normal construction
project.
17.+1.2 One suitable location would be approximately
12 miles southerly from Fort Norman at Mile 571 where
clay, silt and sand borrow is available. Access could
be along the line of the CNT pole 1ihe which would therefore
avoid the necessitity for construction of access trails.
17.1.3 We do not believe there is any necessity to
construct test sections over muskeg as it has been our
experience that such areas do not constitute a problem
which is peculiar to permafrost areas. Furthermore,
the Department's own forces have had considerable experience
in construction over muskeg.
1714 In summary, we would recommend that the test
section be constructed at the site mentioned above approximately
12 miles southerly from Fort Norman (Mile 571) . Construction
should commence in September and can be completed by
Christmas. We believe that the section of embankment
should be at least half a mile in length and preferably
more than one mile in length. Available borrow and
the construction techniques which could be used in this

area are discussed in other sections of this repoxrt.
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Photograph 1: Failing 1000 drill rig mounted on a
Flextrac-Nodwell tractor. Note the covered "sloop"
which was towed behind the drill rig. This sloop
contained a work bench, writing table, extruder, propane
heater and a small electric generator. An open deck

at the back of the sloop was used for transporting

samples and spare fuel.
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Photograph 2: The field laboratory. On the right can
be seen an electronic Mettler scale. Three electric
ovens were kept beneath the benches in order to conserve
space. The paper cups and aluminum bread pans contain
samples which are ready for drying in the oven.
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Photograph 3: Moving camp. The units in this photo-
graph are the generator house (which cannot be clearly
seen), the laboratory and utility trailer and the dining
trailer at the rear. These units were carried on
specially designed wide ski sledges.

Photograph 4: Camp at mile 622. Bunkhouses are at the
right. The utility trailer, at the left has been removed
from its runners.



Fi1 F31 #31 F31 E1 £

Il N b Ea

Eid E 3

E

i

il I S D B e

Photograph 5: Typical terrain between Norman Wells
and the Great Bear River. Notice the sparse growth

of spruce at the bottom of the photograph.
quite typical of many areas in the region.

This is

Photograph 6: Looking south across the Great Bear

River from Test Hole 552.
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Photograph 7: Looking northerly to Test Hole 459 on
the north side of the Great Bear River.

Photograph 8: Looking southerly towards Test Hole
460 at approximately mile 583.
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Photograph 9:

A view showing the height of land at

the top of the pass to the north of Bear Rock.

Photograph 10:

Rock exposure on the flank of Bear Rock

at approximately mile 587. The field book gives the

scale.
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Photograph 1l1: Approximate location mile 591 (near Test
Hole 574). Note the seepage which is causing icing on
the trail. Note the stunted spruce and the swamp birch
in the background. This vegetation is quite typical of
the area.

Photograph 12: Near Test Hole 737 at approximately
mile 596. The vegetation here is black spruce which
is quite typical of large sections of the alignment
between Big Smith Creek and Norman Wells.
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Photograph 13: Looking southerly from Test Hole 677 at
approximately mile 601. The actual centerline of the
road is approximately 50 feet to the right of the CNT
pole line. The CNT land line was placed on large tripods
in this area because of permafrost.

Photograph 14: View from Jungle Ridge looking easterly
at approximately mile 602. Observe the flat terrain
which, combined with permafrost, causes poor drainage.
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Photograph 15:

Creek crossing at Jungle Ridge Creek at

approximately mile 604 looking southerly.

Photograph 16:

From the center of Nota Creek looking

northerly towards Test Hole 723. Mileage is approximately

605. '
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Photograph 17: From the center of Vermilion Creek

- looking southerly. Approximate mileage is 607.

Photograph 18: At Test Hole 803 looking northefly.
Approximate mileage is 609.



Photograph 19: Cores from Test Hole 503. At the bottom
of the photograph can be seen organic clay with high

ice content. The center sample (marked D3, D4) is clay
till with quite low water content. The top sample
(marked D6, D7) is frozen sand.

Photograph 20: Cores taken in Test Hole 507. On the
left is a sample of organic clay with high ice content
and on the right is a sample of clay till. In this
case the clay till has a very high ice content.



Photograph 21: Core samples from Test Hole 569. The
material in the top half of the photograph is limestone.

Photograph 22: Clay till cores from Test Hole 612.
Observe the ice banding in the ‘lower sample in this
photograph.
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Photograph 23: A sample of clay till, sandy, from Test
Hole 616 at a depth of 11 feet. The water content is
about 12 percent. Note that there is no visible ice

in this sample.

Photograph 24: A sample of clay till, silty-sandy,
water content 9 percent, from Test Hole 834 at a depth
of 11 to 14 feet. Note there is no visible ice in this
sample.
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Photograph 25: A sample of clay-shale from Test Hole
843. Depth interval is 6.5 to 7 feet. This material
had silt and sandstone partings. Note there is no
visible ice.

Photograph 26: A sample of organic silt from Test Hole
885 at a depth interval of 1.5 to 2.0 feet. Note the
organic material,
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Photograph 27: A sample of clay till from Test Hole
885 at a depth interval of 15 to 15.5 feet. This

material contains some pebbles. Water content was
14 percent.

Photograph 28: A sample of varved clay from Test Hole
886. This material was laid down in still water and the
light and dark bands are alternating layers of silt and
clay. Water content of this material was 28 percent.



Photograph 29: A sample of silty-clay, medium plasticity,
from Test Hole 916. Depth interval is 5.2 to 6.0 feet.
Water content was 20 percent.

Photograph 30: A sample of silty-clay, medium plasticity,
from Test Hole 916. Note the pebbles within this material.
Water content was 25 percent.
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Photograph 31: A sample of weathered shale from Test
Hole 916.

Photograph 32: A sample of clay till, medium plasticity,
from Test Hole 996. There was no visible ice in this
material and the water content was quite low.



Photograph 33: A sample taken with a Shelby tube from
the surface to one foot depth. The surface moss is at
the right of the sample and clay is at the left. Between
the moss and the clay is peat.

Photograph 34: A close-up of the sample shown in
Photograph 33. The peat is category No. 15 using
the Radforth system.



Photograph 35: A sample of clay from Test Hole 1022,
depth interval 5 to 7 feet. This photograph was taken
after the sample had started to thaw in the laboratory.
The ice type and content was classified as Vs at 60
percent. The sample is lying on its side and the ice

lenses would have been horizontal in the in situ position.

Photograph 36: A close-up of the sample shown in Photograph
35. This photograph is approximately full size. Notice
the ice lenses and the pebbles within the material.
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APPENDIX B

I Data on Borrow Areas and Cuts




* .&OHHO&
008 §LS I03 UdIY ©O03F S3IUSIUOD (32T) I238H + 000°000°T Sy - &2 3TIs LAETD 5€ zZ1
*MoIxIoq
00E’'T LS I03 ﬂ@ﬂ& 003 S3UB3U0D (S2T) I23eM + 000‘000°T Qg - &z Aeto ‘3118 6E IT
. JTNOTIFTP ATSUSIIN® 99 PIROA PIITI UL
ods 9.5 | UOTIDSTSS 3N POsSN g PINOD ABTD 3wWOS 0004000°T 07 - <2 Ae1o ‘37TTS 0% 0T
- MoIIOq ’ .
00§ LLS xo3 gmﬂs 003 S3US3UCD (2OT) I33eM 000‘00¢€ 0% - SZ . Keto ‘3118 0% 3
E *M0II0q
00Ss LES To3 UYbTY 003 S3US3UOD (SOT) Id3BM 000‘007% 07 - SZ Aerd ‘3T1TS (1} 3
L *MOIIOY
008 8LS 03 YSTY 003 S3UIJUOD (IDT) 332 + 000°000'T 0% = ¢zl pues ‘3TIs ‘A21D 0% L
" M0II0OY
00 6LS X037 ybTY 003 S3IUSUCD (IDT) IoFeM + 000°000°T ov - S2 Aeld ‘3118 0y 3
*XIess9oDau 8¢ PINOM UOTITITSS
005 5LS Ing2aed 3Ng pIsn sq PIRO2 pues 000'000°2 + ST pues ATutef ov g
*ub1ty ;
008 fof=3 ool ATTexouabd s3usluod (82T) ISFBH 000°000°T + G2 Ae1o ‘31TS ‘pues ¥ i
’ nmﬂr
008'T 185 .00} ATTeasusb s3jua3u0d (9DT) I93EM 000’006 + 52 AeTo ‘3T1Ts ‘pues ¥ £
“UsSTY .
0o¢ T8% o003} ATT=aausb s3uU923U0D (9DT) aS3eM 000°000'T + 62 K210 ‘3TTs ‘pues 17 z
. *ybiy
006 zas oo3 ATTeaduab sS3UL3UOCD (SDT) I3V 0o0‘o00‘¢e + GZ Ae212 ‘3T1TS ‘pues 1%
3923) _ (*pA ~no) (%) —
INIT-EIINTD | Isod SVHEY AITINCNRD TN TYIEEIEA FTE gI3THon
o -gTIN ’ FIGVIIVAY IREINOD TI0S s II1d
FONYISIA QEIVHILSH e IVSOA

XEVINS mOddod



00Ss . (43 *M0XI0q FJO IDINOS POOD 000’008 5z auty ‘pues ve z¢
0os 29s TMOIIOG JO 92INOS POy 000’000°T Se = 8L outy ‘puzs Yot TE
00§ ¥9s ‘ *MOIIOQ JO 92INO0S POOY) 000'009 sz - 02 9UTI ‘pues . LE Og .
001°'1 09s. TMOXIOM JO 2DINOS POOH + 000°000°'T sz - 0¢ suty ‘pues ¥3€E 62
006 €55 | ©40IX0Q FO 92INOS PO 000°005 0Z = ¢ suTy ‘pueg ce a7
0082 03¢s . *M0IIOM JO 2DINOS POOYH 000‘000°'% gz SuTy ‘pues ¥o9g . Lz .
008 9gs *A0XIOQ IO VDINOS POOIH 000°000‘% G 3uT3y ‘puesg ¥sE 9z
008 oss - M0X20¢ O 9DINOS POOH 000°000'% gz ~ 02 suT3y ‘pues ¥SE gz
00sS LSS ! *20IXI0J JO 92INOS PO0OH 000‘00S’T oz suTy ‘pues ¥seg ca
. “A0IIOQ JO 9DINO0S
000'¥ 09s POOD © *3F gZ - g = 3IS0a3/d o3 yzdsqg 006000071 §Z - 0T Puty ‘pues A-£:13 zt
000°T €95 *M0IX0q I0F BTR3NS 000'000°T sz suty ‘pues LE 0z
*MmoxIOq 0T
cos vos 8TgR3TNS 9STMIBUIO ‘BdI2 BUTAT-mOT 000‘000°T Sz suIz ‘pues LE 6T
00s §95 *MOIIOC IOF ITGRIINS 000 0G¥ ¥4 SuTy ‘pues LE 3T
00L'T 695 *#40I110¢ I0F BTge3Ins “3ITIS duwos + 000°000'T 0e - 02 auT3y ‘pues 8E i
. *Moxx0gq
000°1 TLS . I03 YBTIY 003 S3US3UOD (9DT) II31ep | 000°000°T + 52 pu2s ‘a11s ‘4Ae1D 8€ 5T
*M0Ix0q .
006 ZLs I037 yY5TY 003 S3UI3U0D (S0T) I33eM 000°000°T + &2 3TTs ‘AelDd 8¢ $1
E *M0IIO0q
00s ELS I03 ybTy ©03 S3UD3UOD (30T) Id3em 000°000°T Sy - st 3TTS ‘AeTD 6€ £1
(3923) (*B4 *Dba) (%) "IN
ANTT-93ILNID LS04 SYEVATY : ALILNYND HONVE TEIYEIEN Mﬂmuw gIENAN
oL -3TIA s FTEYIIVAY INZTINOD TI0S S Teanst IId
EONVISId : QIIVHILSHE VILIEM )

AEVINANS MO¥dY0d



00T‘2 0LS *MOXXOQ JO 92INOS ITRJ 000009 0g - sz sury ‘pues 8¢ o

0oL’y oLS *MOIIOQ JO 9DINCS IATed 000°00¢ 0 -~ 8¢ suty ‘pues 8t 1
00s £68 *MOIIOC FO SDIANOS POOH 0007000°T ST = & Juty ‘pues SE 8¢
31ts
00¢ S¥S “MOXIOG IO 9RINOS AT 000'00% gz - 81 auos ‘suTy ‘pues €€ LE
008 L¥S - M0XI0q JO 9DINOS POOD 000‘00S sz - ST suTt3y ‘pues € 9¢
A *Lxesss08U
00S 675 9q pInoM TRTISIBWU 3O UOTIDITSS 2405 000‘0LE . 52 suty ‘puEs ¥e Se
00s oss : *MOIIOQ JO S2IN0OS I00g ; 311Ts ‘Aefo ‘pues v A - ¥E
00§ 1SS . -40xI0g O S2INOS POOD 0007005 sz suty ‘pues vE EE
(3293) . (*p& -no) (%) ET TN
ENIT-¥4ZINID LS0d > ALIINZAD goxvgE TYIEELVN e reremere qIgann
- SYEYATYE s ot LESHS o
ok =21IN ITEVIIVAY INIINOD TICS STYSOA &Lid
dORYLSI1d ) QILVANILSE : HZIYM .

REVANAS KOEE0dE




*M0II0q
Ior sTge3Tnsun ATTRI2US3D " SOounToA

00§ 98¢ 90T ybBTY surejuos ferIdjew xaddn 000°05¢ 09 - 0T AeTd 44 09
*Azesssosu o TITA

00¢ 988 UOT3O2TSE 2WOS ‘MOIIOL I0F S[GRITNS 0007007 14 0T pues ‘fe1d A 6S
"M0II0g I0J ©TGe3ITNS TeTIajell IaMoT

00s 985 |'3usjuod zajem ybIY sey TetIsjeu iaddp 000‘00€ +02Z R pues ‘Ze1d ¥ gs
*Kxessoosu ag TITIM

ooz'e §8S UOT3D08T8s swos ‘moxrcq I03J SIYRITNS 000‘00€ (0 0T AeTs ‘pues Y1y LS

*Axessoosu aq TTIIM Aeto

00S c8¢ UOT3IDO[SS 3WOos ‘MoxIX0q JIOI 2TgR31INg 000‘0s¢ o< 0T { pues ‘Toaeab ‘3TIS Yy Qg
* Axessoosu

oos g8s UOT3DI[SS BWOS ‘MOIIOY I0T STQEIINS 000‘00€ F58 0T pues ‘3TTs ‘Xe1d Y17y €S
- Axessoosu

00§ . 88§ UOT3D9[3S 2WOsS ‘mOII0q XOF a[ge3Ing 0o0‘ooy +02 0T Aelo ‘pues ‘3TTS YIiv ¥s

000°T v8s ‘TeTIS3EW MOIIOQ X004 000‘00¥% (633 0T Aet1d Y¥i¥ £S5

*Axessooou aq TTTM oHe3ses pue sTeys ‘11T

00§ 78§ UOT3OSTOS SWOS ‘moxxcq I0J 91ge3lIng 0007007 +0¢ 0T ‘aTeUS-ARTD ‘AeTD -4 s
*Axesssosu ag TTTM @bepises pue

00§ £8¢ UOTIDSTSS 2WOS ‘MOIIOG I0F BTIR3INsg 000 ‘00% L 0T AeT> ‘3711s ‘pues Yi¥ I8

(3=27) (*p& D) PR—
INIT-YIINID LS0od SyEVHEE ALIINENO JINVY TYIYITIYH MMMMH ¥ISRAN
CL -ITIN - FTEVIIVAY INZINCD TIOS JHMHMW &Id
FONYISIA QITVHIIST YEIYM YmEEes
AUVRANS MOEE0d



*MOIIOQ 203 STge3TNs osTe IIT3

QELTAILSE

00§ 16§ buTtATasAQ *}¥D0OAPSQ JO 9DIANOS POOY sutw 000‘009 ST - ¢ suojlsawll ‘Aeld €Y oL

00§ 068§ *jooapasg JO 20INOS POOH 000°00F "uUTW og - auo3sswIT ‘AeTd €7 69

00s 688 TMmoIIOq 103 2[YR3INS 000°00% 0z - 0T Ke1d £y 89
*Axesssoau o TITM UOT3D8TSS

00S 6865 2Wwog *MOIIOq I0F STYR3ITns ATUuTeN 000’052 o - 0T Ke1D £F LS
4 : - KAxiessoo9u agq TTTM UOT3IOSISS

000’2 885 swos -M0IIOq IOF 2Tqe3Tns ATuTeq 00070068 Ke1d £ 99
*Aaesgoovu 9gq TITM UOT3IDaIL8S

009 88¢g sWo§ *moIIOq IOF STqe3ITns ATUTeEN 000°00F% sz - 0T Ke1d 4 g9
*Axessoosu 89 TITM UCT3DDISS

00§ L8§ 2WOS *MOIXOG I0J DTURITNS ATUTEH 000°00% 0 - 0T| (T®aexb swos) AeTd Zy 50
*Kxesseoau o9q ArW UOT3IDITSS SWOS

00S L8S *MOIZOq X03 9TGe3ITINS ATTRIaU3Y 000’062 0z - ¢ pues ‘Xe1d P £9
*Aiessoosu aq Aew UOT3IDSTIS mEow

00¢s L8S *MOIIOq I0F 2Tqe3Tns A[Teasus) 000008 0E = 00 Le1d (44 29
"MOIIOq I0F STge3TNs ST [ETIS]el

00¢s L8S IsmoT c9TgelTnsun Terisjew Iaddn 000‘052 0€ - 0T Ae1d 47 19

(32°3) (*pA -nDd) (%) VI AN
INIT-¥IINZD Lsod SIS ALIINZAD FONVY TYIHIIVA wnqmm JZEAN
oL -3TIN ‘ FTEVIIVAY INITLNOD 1108 uw;mo oId
FONYISIA gIIYM -

AYYHANS MOHE0d



*Axessooou 2q TITM UOTIDOTaS SWOS

00¢ 96¢ *1etTasjeu moxxoq poob ATTexsuad 000’006 GF =g (pues swos) AeTD A ig
*AxessooBuU 2 TITM UOCT3IDS[IS °wWos

00§ S6S *TeTasljew moxIoq poob ATreraus) 0007008 0g - ¢ Ae1d v 08
Lhummmmumn aq TTT# UOTIDSTIS SWOT

008 S6S *TerTIis3ew moxxoq poob ATfTeasusn 000°00S 0 - 0T AeTD 7h 6L
*Kxessooou 9 TTITM UOTIIDS[OS IUOS

0os r6s *TeTIS3RW MOIIOQ poob ATTeIsuagn 000‘00% 0¥ - 0T Ae1o vy 8L
*Azesseoosu 29 TTTM UOTIDSIDS oWOS

00¢ 7668 *TeTIolewl MoxIOq poob AlTeisusd 000'00F czZ - § AvID A LL
*Axesssosu sq TITM UOTIDD[SS SWOSG

00S ¥6S *TeTISiew MOIIOg poob ATTeIxsusn 000°00S sz - 0T AeT1o a7, 9L
- Azesssosu 8gq Aew UOTI1DOTSS

cos £6S SUI0S *MOIXOG IO BDINOS POOH 000‘00% Ke1d A L

009°T £65 *MOoII0q JO sOINOS ROOH 000‘00% 0Z - 01 Le1d Py PL
Azesssocsu o TITM UOT3IDOTSS.

00§ 265 SWog  TM0II0q JO 8DANOS pooH 000‘00% 0 — 0T Ke1d e €L

00s T6¢S .aoquQ JO B2AN0OS POOYH 000’009 0z - S| pues ‘Taaexb ‘Aeld € ZL

00s 168 *M0XX0CQ JO S2INOS pPooH 000°00% Gz - € Ae1o ‘pues £y Td

(3323) ("eh -nd) (2)
ANIT-E3IINID Ls0od ALIZNEND DN TEIEEIYR ¥yagran
oL -TTIN SRR TTGYIIVAY INIINOD TI0S LId
dONYISIa QEIVHILSHE gITTM

KEVRANS MOy 0d



- Xzessooou ag TITH |
TeTIszeuw eoeFINS FO oheiseA h
00S 009 3WOg *MOIIOQ JO 92INOS POODH 000°00F% 09 - S aTeys ‘Keld <y L3I
« Kxessooou o9 TITH™
{eTIsjew @ovIins 3jO obejsen
00§ 009 SWOog "TMOXICq IO 20In0S POCDH 000°0G¢E 0y 0T AeTDd cy 88
- Kaessoodu o TITH
TeTaa3eW SdEJINS JO obeasen
00s 009 swog *MoIxoq JO 20IN0S pOoH 000°00% 09 0T KeT1d SH LB
- Xiessadsu aq TITA
TeTIo}RW SD0RIINS JO 2HYISTA
00§ 665 Swosg *MO0IX0G JO IDIANOS POODH 0oo0‘00¥ <y - L Ke1d 98
» Xiessooou a¢ TITA
{eTIojeu S0eIINS 3O SHEISEA
00S L6S SUOS "MOIXOY JO 2DINOS POOD 000°‘0SE oy - ¢ KeTd (=41 cg
s Xiesseoou 9g TITM
TeTIsjEw S0BIINS JO abeisem
006G LBS 2WOg *MOIIOQ JO 9DANCS POOD 000°000°T cy - ¢ aTeys ‘&evID =44 y8
-MOIIOq S® pPosSn =2 Os[e PIned uspang (aTeys auwos)
006 96§ -IBA0 JWOS "3}DOI JO IDANOS POOH 000°000°T 0y = § suo3sawrT ‘Le1d vy £8
- fiessaddu
aq TTTM 935em puUBR UOT3IDST3S SUWOS
008 965 - MOIIOq XOJ oTqe3Tns ATTRIdus 000°00% 0y - 01 Ae1d 44 z8
(3323) (*p& *md) R
INIT-2IINID LS04 ; ALIINTNO FONYY TCIEIIVA A TIEHAAN
SYEVHNIT e e o LeEH St
oL -3TIN FTIGVIIVAY INFIXCD 7108 ATES0% IId
FONVYISIA QaL¥AILSE VILEH :

REUNANS MOId0d



*AIessooau 9g pInom
TeTIs3eW SoeJINS JO obelsem swWOS

00§ L09 *IeTISIBU MOIIOG PoObH ATTexdudd 000°06GE 0s - 2 aTeus ‘AeTD 87 L6
+fiessoosu
29 IIIM D3SEM pUBR UOT3DDT2S 2WOS

60s 909 *MOIXOQ FO 20Incs poch ATTeIausn 000’009 gz - & s1eys ‘AeTD Ly 96

*a3sem )

00§ 509 yonw 00 *#M0II0q IOF DTgeiTasun 000‘00¥% 0§ - § Ke1D LY =1
*peaxtnbesx 29 pinom a3sem

00§ 709 yonw 0o, CMOIIOY I0J dTGRITNSU] 000052 08 - § aTeys ‘Aeld LY v6
: . paatnbax sq TITM 23s5BM

002’1 709 8733TT AI2A - MOII0Q JO 9DIANCS POOY 000’008 0Z - § sTeys ‘XKerd Ly £5
"3TN2TIITP 9 pPINcCM UOTIOSTaS pur
pa3sesm 2q prnom ser3Tauenb arge

008 709 -I3PTSUCD NG MOIAOY IOF S[QRIING 000052 07 - § sTeys ‘Ke1d Ly z6
*3INOTISIIP 29 PINOM UOTIDD[IS pue
pa3jsem =g pInom sarzTiuenb arqe

008§ €09 -I9PTSUOD ING MOIIOG I0F 2Te3TNS 00000€ 0¥ - ¢ aTeys ‘Xeld LY 16
*3INOTIITP 003 2g pInoa

0og To0¢ UCT3D09TSS *MOIIOQ I0I TRTISIBU JI00d 000700% 09 - ST AeTD 9% 06
*ybTy 003 S3UL3UCD

00s zog |- I93BM TMOIAOG ICF STCEITNS FON 0001008 07 = 0T aTRUS ‘ABTD 9% 58

]
(32931) (*p& N2 (%) wzEn
ANIT-¥ZINZD | Isod ALIINYND TDNEE TYIEIIYR e ¥IIAAN
oL -=TIX S TTIVTIYAY INTINOD 1108 ] 17
FONVISIA QILTAILSH VAITM

AEVNANS 4084804

T P—— S S T R = oo ) o P et D — P . I NE—




*Azesssoeu ag pInos
TeTIajew soeJans jo obeisem swos
00§ 19 *IeTIojel MOIIOog DOoh ATTeI2UDH 000°0S¢E 0 - 0T aTeys ‘Aeld 6% S0T
*Axessooou 9g prnos
, TeTIaleu soejaInsS Jo sbejsem 2wWoS
000'T 719 *TeTIS3eW MOIXOg pcob ATTeIsuas 000°00¢ 0 = 0T sTeysS ‘Aeld 6% POT
*Axesssoau ag prnom
TeTId®3eW 20BJINS JO oHejsem dwog
008 Z19 *TeTIS3RW MOIXIOQ poob ATTeasuss 000°00% gz - 01 aTeys ‘LAe1d 6% €0T
-Xxesso08U ag prnos
TeTID3BW 2OPJFINS JO 2HBISEM DWOS
oos ZT9 *TeTIoleW MOIIOq poob ATTeIsuss 000‘00¢ G - gt T=2ARab ‘pues ‘AeTd 6% Z0T
*Azessonau 9g pInos
TeTIo3ew SOBJANS JO 9HEPISEM DWOS
008 TTS *TeTIoqBeWl MOIIOoq poob ATTexausn 000'00S 0% - § aTeys ‘AeID 8y 10T
*Axesssosu 8g pInosm
TeTISjew 92eJiIns JO oDe3sem oWog
00T'T 0T9 *IeTaAS3RW MOIXOQ poob ATTeisusH 000°006 0€ - 0T oTeys ‘Aerd 8% 00T
*Xaesssoau 9q pTnoM
TeTIsqew 90v3aNs JO cbeysem owog
006 609 *TeTasiew MO0IXOg pood AlTeIsusy 000’009 0y - 6 aTeys ‘Ae1d 8% 66
- XIessaoou ag prnosm
TeTIsjew 2o5vIINS IO =belsem 2wos
00Ss 809 *IeTIS3RW MmOXIOg poob ATTeasusy 000°00¢ 0F - 0T sTeys ‘AKeild 372 26
(2231) {("PA& -"no) (8) wTERAN
ANIT-¥ZINID LS04 v ALILNZAD 30Ny TIISILTA ﬂ...l:....w.”w. g3ignann
oL i SavAan TTSVIIVAY INIINOD 7108 bt ITE
JONVYISIA GEIVHILST HIIVM e
AYVANLS MO¥EOd



*afgeaIns jou 31d STUTL
*MmOoIIOQ 2TQR1ITINS O3 0T3eld B ysSIY pues
006§ 8T9 003 WIOZ PINOM [eRIIS3RW 23SeM 09 - 0T aTeys ‘2115 ‘AeTd 0% vIT

*TeoT3oead g 30U pINOM
TeII23BW POOH JO UOTIIDSTSS INGg

008 819 8Tge3TNS 9 DINOM TRTIDIBU JWOS cs - 8 poxTw ‘Aefd 0s €11
‘ybTy 0031 S3UBJUOD
008 LT9 I93eM "MAOIIOY I0F STCRITNS 30K 0% - OT { 3TTs ‘T@aaeab ‘pues oS 21T
“MO0II0Y
JO ©0IN0S DOCH TeRTIOIBW IDMOT Aeto
00S LT9 *pajses sq prnos Terasijew 1addn 000*06GE Sy - G |"T®aRab ‘37rs ‘pues 6% TTT

.?ouuoﬂ JO 20aIn0Ss poob TeTa23TW
IsmoT "3jus3uocd Ixsaem ybTy 03 onp
0o0s LT9 ‘pe3ses 2q pInom Ieraojew raddn 000700¢€ +0€ - § pues ‘Ae1o ‘3TTIS 6% 01T

" jo @ ‘ - ues ‘Ae 6
Oom mHm BOHHOQ NO 2IN0s pecoD OOD {355 (= & P HU 6% DDﬂ

+ySTY 003 S3IUIJUOD
00§ ST9 Zo3EM "MOXICq IOF DTYRITNS JON +0€ - 0T Aero ‘pues 34 80T

"ybTy ©03 S3IUSFUOD i
00% ST9 Is3eM "MOIIOQ IOI S[EITNS 3ION 0S - 0T Ae1o ‘371TS 6% LO0T

*Axessooou =g pInom
{eTIejew Soejans jo obejsesm awes

00S S19 *TeTISIBW #0IX0Q poob ATTeisusd 000°06¢ 0z - § Ae1D 6% 90T
(30931) (*pA .mow (%) L wIEaAN .
INIT-¥IINID | Isod ; AIIINEOD IO TYISEITW ot YEEAAN
(oh7 -ETIIR sEenan FTIVIIVAY INZTINOD 1I0S Pty IId
TONVISIA _ QIITAILSH AT IVM

KEYRANS MOd¥0d

g - - = _— pr—p— S s < - e T e e T——— R RN TR .




00§ &zh TM0II0 JO s2INOS POOH 000°00T GZ = § Ae1D 18 A
-Aiessaoou 99 TIT# 93sem

00s TZ9 Swos  TmOXI0q FO 2DIANOS POOYH 000'0ST gz = 01 AeTD 1S el
*Axessoosu ag TIIM 23sem

0oL 129 SWOg  "M0II0g 3O 92aNn0s pooH 000°0ST G = § pueg TS Tzt
*Axessesou aq [ITM 93sem

00§ TZ9 BUWOS  "MOIIOC FO 9DIN0S POCH 000°00T §¢ - g | Toavad ‘3TTs ‘Ae1d TS 0ZT~

pues

00Ss TZo *MOIIOQ JO S2INOS pPOOD 000‘0SsT sz - ¢ |AeTo ‘3TTs ‘Teaead TS 61T
roTge3Tns 30N
*31d sTyz 30 uotrzaxodoad e ybrty

00% 0Z9 003 WIOI pInom TEBIIDI'W D3seM 0% - € | Teaexb ‘31Ts ‘Aeld Ts 81T
*oTgeaTIns jou 3Td STUL
*#M0II0g aTge3INsS 03 oT3ex e ybty

00s 0zZ9 003 WIOJ pPINOM TBTIIDJBRW O3SeM 0% - § pues ‘Ae1D 0s AT
*aT7qe3Ins 3ou 3Td STUL
*m0II0q STYR3ITNS 03 OT3IeX ' ybI1y

00¢ 619 003 WIOI PINOoM TeTIo3BWU 33seM 0% - 0T pues “‘3TTSs ‘AeTD 0s STT
*a21ge3Tns 30u 23td STYL
*MOIZIOQ STOE3TAS 03 OTI3ex ® ubty

00S 619 003 WIOJF PINOM IBTISIRW o3seMm +0% - 0T | T@aexb ‘37Ts ‘Ae1d 0S GET

(3227) ﬁmvm T T gIEgdaN g n

INIT-"dIILNIO Is0d IDNR YELTH % ey sTTION
oL -gTIN SR INIINOD TIOS uadits ZId
e OIVYSOA
FONVISIA EELEM

KEVRANS -M08E0d



ssjus3uco Iojem uybrty o3
anp 3ITNOTIITP 9 Aew UOT3IDSTDAS
00s L29 Jng MoIIoq jJO @0Inos poobh Arared 000’002 0L = § Le1d '31TS 2% EET
o%m LzZ9 ‘MOIX0E IO S2INOS POOYH 000‘002 0z - § DOXTIH zZS Z€T
*20INOS MOIIOC POODL ' 8STMISYZO
00§ 9Z9 Kxessooou agq pInom abeaisem sWOS 000‘00¢E gz - 6 fe1d YIS 1€T
*2DIN0OS MOIIOQ POODL B IS TMISYJO
00Ss s¢o Kxesssosu aq pInos obejsem awos 000002 €y - § Ke1d ¥is 0€T
. .
t *poasem
8q PINOM USPANGIDAO TTTI 2wWOS KeTo ‘sTeRUS
00s c€Z9 *3D0X pue MOIAO0G IO IDANOS POOH +000°00¢ 0E - G | ‘euolspues ‘ISABRID vIg 62T
-pa3sem ag pInos TeIxsiew xaddn
. 0os 29 *MOIIO0q POCH ST TBIIS3RW IDMOT 000‘09T 0g - ¢S ateys ‘AeT1d YIS 871
sTgesTnsun 31d
008 I XA] STUL “"ybBIY 003 FUDJUOCD I33FEBH 09 - 0T aT1eys ‘AeTd 9IS LZT
-Xzessooou o TTTM 23s5BA
00¢ TEL9 swesg  *MOIIOE JO SOINOS pooH” 000°'GST oF - 8 pugs ‘syeuys ‘Aeld YIS 9Z1
00s Ze9 *MO0IXIOQ JO 92IN0S JUSTISOXKI 000‘00¢2 ST = § ToaeID ‘pues T4 52T
00S z2€3s *MOXIOQ JO 9DINOS POOH 0o0‘ce g - g pues TG veT
(3323) (p& "vo) (%) SITEHAR
INIT-¥3ILNID ISCd SYVNVHITS ALIENEOD aoig TYIEILVA _nn.w..‘m.,u, aTzind
oh -ITIN e TEYIIVAY LRI LNOD TI0S ATeS0A LId
JONVISIA AEIAILSE VILEM e
AEVNAAS KO¥E0E




rAzessoosu aq TTT#4 obejses

00S 379 BUIOS “MOIIOQ JO 9DINOS POOH 000°00% +ST - § {pues ‘Taaexb ‘Xeld ZS ZyvT
*aTgezTnsun 3td STYL -~MOIXIOQ S[gRasn pues .
00§ 829 o3 uot3izedoad utr d3sem ydnu OO oF - § |31Ts ‘Toaeab ‘Aeld (4] TPT
«XAressooou g TTTM uUcTiZalSs ITTS

00s Lés SWI0g . *MOXICG JO DDINOS pPoOoOo SUTW 000‘00V 0y - ¢ |fe1o ‘pues ‘Tsaein z5 0%T

00s Lezs *M0IIOQ IO 82INOS POOY 000400T T - § Teaeab ‘puesg zs 6T
*sTge3Tnsun 3Td SIYL "~MOIIOG 2Tgedsn

00s Lz9 03 uorzxodoxd UT 93sBM UDONW OOL Sy - 8 AeTo ‘3TTS (A 8€T
-Axessadou
oq TIT# TIOS @oejans Jo abejses

008§ 9239 2WOS “M0IIOQ JFO SDINOS POOH 000002 0z - S Ae1Dd A LETX

*Raiessooau
&g TTT# TTOS @oBIINS JO dbeisSem

00s 9Z9 SWOg “MOIIOC JO SDINOS POCH 000/00€ 8T - € pues ‘AeTD 4 9€T
- Aiessooau 99 TITHM =23sem
00§ 8z9 SWOSg *MOIIOC JO S3INOS POCH 000°00¢€ 0z - ot AeTo ‘pues 4 SET
006'T LEY *MOIIOQ JO S92IN0S pPOoOH 000‘00Z L = & aTeys ’pues 25 PET
(3221) (*2& -nz) (%) _ wTeaN
ENIT-EZINGD | IS0od SYMVHEY ALIINIAD DN TYINIIVA petpdaingi EITHAN
(o} ~TTIW STEYTIIVAY INZINOD TI0S umnmni IId
FONYISIA . QadIvHILSE WAIYM el

AEYNANS MO¥g¥0d




*aTge3Insun

31d sTYL “*ybTy 003 ST MOII0Q suo3s
00S T€9 oTgeosn o3 @3sem 3O uotixodord +0€ - § -3TTs ‘pues ‘AeTD £¢ 9%T
*KIessooou 9 TITM UOTIDDT8sS 3Ing
006 0€9 Mmoxxoq o soanos poch Arxtedq 000°00% +0Z - 01 AeTo “3T7TS €S SyT
00§ 629 *MOIIOQ JO 2DINOS POOYH 0007002 ST - ¢ fe1o ‘pues 4 YT
.manmuﬁSmns 31d STUL °"MOIXIOQ OTgesSsN
00¢g 629 © 03 UOT3ETaI UT 93ISEM UDTW OO 0g - 0T 3118 ‘Aetd z¢s €T
(3923) ("p& "n2) {2) SIEAAR
SINTT-¥ZINED | Isod SYMYHTY ALILNEnD EDNTE TYINILEN lmmwm YISHAN
oI - L FISYIIYAY INTINOD 1I0S ummmmd IId
HONVISIA JIIVAILSE {ZIYM seee
AEVNANS mod¥od



+ 0¢ USTH 3TIS 0T~ 3862
pSpuswmodsI 30U 3IND + 0% ybtH AeTd 0T vEE 0E¥T 6°7S
1823
aTqrseaz 3Ind 0z MOT pues 0§ 0vE 08%T 0°%S
7vE
9TqTseaz 3Ind sz MOT pues G€ GPE 80GT G°€S
9TqIseasy 3nd Gz MoT pueg ST 9% € 0ZST grfe
LYE
@TqISesI 3IND 52 MOT pueg S 9%¢ PEST 0°€s
ybTH .
PSPUSUWOD3T FOU 30D 0L-5T 03 MO POXTH 8 6G¢€ €€9T T°1¢S
pues
3TqTse@F 3IND 0T MOT ITES L TLE 9691 6°65S
PopPUSUWODaI FOU 30D 0¥ UbTH Ae1d 9 G8¢ SLLT €£°8¥
POPUSWWOD3I JOoU 3N + 0€ ybTH POXTW . 0T €8¢ 0002 T°¥¥
(%) " (Ld)
SYUTARY INTLNOD azwwmoo SHAAL TIOS 10D d0 mmmm NOIIVIS qT
VIITM JHId3a

YILIVd 40 AIYAWHAS

SNOIIDHES &LaD dHTIEISS0d

N =N S =S =S B S B B ES s



ybTH

POpUSUIODdI 30U 3N Kaop ybTH POXTH = 95T GZY 0°¥%L
22z
e 122
0z2
POPUSIMIODST FOU 30D 0y - ybtH DOXTH o€ 612 0cL z°89
oTqISes3 3ND 0z MOT pues 5T 86z 866 1°€9
STqISea3 3Ind S Mo oues 0z 192 820T 529
STqTSE®3 31D 0z MoT pues 0T 782 9LZT 8°LS
aTqIsSes3 3InD S Mo pues &1 682 zzeT 0°LS
&2 062
sTqISea3 3D - MOT pueg & 682 LEET L*9S
762
STqISes3 3n) 0z MoT pues 0z €62 08€T 8°GS
3TqISES3 3ND 5z MoT pues 0T 962 LOVT eSS
(2) (13)
SYMYHET INZINOD azwwmou SEAAL TIOS 10D 40 mmmm NOIZIVIS qTT
qIILYM HL4Ed

YIV¥d 40 AYVWHAS

SNOIIOHS LD HTIdISSOd

= = A = SN S S =N S S Ee .= ==



G6%

ybtg swos ITTIS vev

pepuUsSuIodaI 30N - MOT pues £6¥
‘s1qrsesaz 3Ind 07-0T ATuten . Ae1d 0€ Z67v 062 S°L8

oTeys

; . Ae1D 98¥
PSPUSUMIODSX 30U 30D 0€-ST satIeA ITTS . 0z 887 34 §°98
STqrseaz Iny 0€-GT MO AeTd QZ €87 0zz 2°98

MOT

. ATuten pueg 187
POpPUSUWODdI 30U 3N Gz-6T ‘setaep Ae1d ¥4 087% AV} 6°G8

19%

128

ybtg Aasa 09% 00T
, 03 MOT 6S¥ o3
PopUSIIODaX 30U 3N ybtH S9TIBA PSXTH - A 9L 9°¢8
uoT3ew
-IOJUT STTOS ON °*IDATY
Ieag 3jea1s JO SPTS yanog 07 0°¢3
Le1Do

; ITTS G¢

PSPUSWIODSI JOU 3N ybtH ybtH pues €€ 6TT L°6L
(%) (Id)
I dTI0H =
SYUVHEY nanNod | HHEIEOY STdAL TIOS 10D J0 Bmma NOIIVIS qTI
EdLYM HILdIEd

YLYAd J0 RYYWHAS
SNOIIDIS &IND HIFISSOd




,W o
06L
68L
Mo z88
o@HQM@ﬂOP.m.Qﬁ mw.w..?wh@ﬁpo 0S.L
mnm MME u.ﬁnm @GMVGGEEOU@H mU.mw.Hﬁmv. @H.mgw wmw
jou s3n) °93T1s =bprag 32 ybtH| sSOTIEA Ke1d - TGL 072T S*50¢
£ZL
788
POPUSWWOD3X 30U 30D 0%-02 ybty Ket1d g zzL 8LIT €908
; Popusuuiodsx
30U 3Ing STqISeaI 3IND B Mo Ae1d 2L 866G 06¢S 7 E6¢
GLS
SUO03SSUTT BLS 96%
€LS o3
31qrses3 3Ind ST-S MO'T Ket1d = ZLS €LY 0°T6¢
. mwQOu.wm.&._.unH
aTqrsesaz Ind = Mo Ke1d &3 895 6EV b *06¢
STqTses7 3nd 0T-S MO Ae1d ST 995 STy 0°06¢
(%) (ra) o
SYMVHTT INZINOD ezmwwoo SEAAL TIOS I0D 40 wmma NOILYLS 2T
dITIYM HLddd

YI¥A 40 AIVWHAS
SNOILDIS IND dTIdISSOd




UTTTTINOBY PUB UOTIBABDOXD
-I9A0 SxTnbsx TTIM

Ing S1qrse=3 Ind gTI0T 0L6
9Toy 3893 ur -yadep . 6T0T
“3F €T 3B SOT SATSSEW 0€-0T ybTH POXTH 0T 696 Spee 7°9c!
. 6E6
DPOPUSUMIODSI 30U 3ND 0€ ybtH AETD 0z 8€6 0e02 G 02!
8LL
LLL
9LL
258
158
*STTOS SLL
SoeIaINns JO [IANTIBF O €98
oanp S9sTI® Arw swaTdoId 2TeysS PLL
*300X UT 9q pInNOoM 2T PPINGIDAQ pues pDoWNSse €11
JO 3sou se @[qTsSeaI 3InDd 09=-5 Ut YBTH Ae1D 3997 09 ZLL €09T G ZT¢
(%) LNEILNOD (23) : d7T0H
SHIVHIY INILNOD 0T SH4dAL TIOS LND 40 1STL NOILYIS dI1]
dEIYM HILJdEd
YILYd 40 AYVWNWNAS
SNOILOES IND EIdIssod
i? £9%7 F9% £ 3 £ R OPROREROROD OFPOQ LD

(A WS A S S BN bm a



- pues _ €0TT
pepuUauWWoIaI JOoU 3nD 09-0T ubtH Ke1d 0z ZOTT ST6¥ S T¢
papuULuUIODa®I 30U 3IND 0Z-0T Mo Ke1d 0T €L6 0567 8°0¢
A¥YdIHY L7 °929
ATIW STYNOE MOVd ZTI°6Z9
dTIIN  *NOIIVADHE FOYNIVHD
(%) INIINOD i dT0H
SYIYHIS INTINOD s SHdAL 'IIOS IAD 40 189 NOIIVIS g1I
HIIYM HIdda

YI¥d 40 AYYWHAS

SNOILOHS IAD HIHISSOd



APPENDIX C -

Terms of Reference



B Ea

E S B BE S B BE EE .

CANADA

. .

a w )
- >
rd /Jf_,—
Department of Public Works ~ Ministére des Travaux publics

10th Flotr, One Thornton Court, P. 0. Box 488,
' ' Edmonton, Alberta.

T5J 2K1.
September 19, 1972.

your fils [ votra dossier

ourfite/notradossier  93(05-52-307.

R. M. Hardy 2 Associdtes;
Geotechnical Division,
10214 - 112 Street,

Geotechnical Investigations - ijh
Mackenzie Highway.

Edmonton, Alberta. ]ﬁ?ﬁjftﬂmfﬁq;ffru{-
Dear Sirs: = §Tpn 31
N 1

B 41

HAET i)

R b

Attached is a draft of the "Project Brief" for
geotechnical consultants, which should be of
assistance in preparation of final estimates for

your work.

Yours truly,

. N. Huculak,, 3 o3 y
‘Regional " Highways Engiﬁeér;~'ﬂ

';.: '@ OG@L

Aftachw
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Mackenzie Highway - Geotechnical Investigations - Mile 346 to Mile 725

"1. General

Soil and permafrcst conditions vary considerably over the 375 mile reach
of the Mackenzie Valley which will be the subject of this investigation.
These variations, in combination with other factors such as mobilization,
existence of major water course, etc. will result in quite different
field programmes for each geotechnical censultant appo1nted along the
route.

The four geotechnical consultants appointed to date and sections of the
route designated to each are as follows:

Acres Consulting Services Ltd.  Mile 346 to 450
Underwood-McLellan & Associates Ltd. Mile 450 to 550
R. M. Hardy & Associates ' © Mile 550 to 6507
E. W. Brooker & Associates Ltd. Mile 650 to 725

As with any geotechnical project of the magnitude of the proposed
Mackenzie Highway investigations, it is not difficult to generalize what
the ditems of concern may be, but it is much more difficult to translate
these into an estimate of the numbers and locations of borings, the
depths to which these should be drilled, and the sampling and testing
requirements. Some guidance in this respect is provided herein.

2. Soil and Permafrost Conditions

To date copies of the Preliminary Engineering Alignment Report outlining
the route location from Mile 297 to Mile 544 have been provided to the
consultants appointed through this section. A preliminary alignment

" report for the remainder of the route is currently being prepared and

will be available to.consultants by September 21.

"The route w%l] Croés the Mackenzie River at Camsel] Bend, run generally

northward to the Willow Lake River, and then northward to Norman Wells
approximately following the existing C.N. Telegraph lina. 1In the

. following paragraphs the soil and permafrost conditions expected along

the proposed route are summarized.
a) Mackenzie River Crossing to Willow Lake River - Mile 346 to 395.

From the Mackenzie River crossing to the Willow Lake River, the road passes
through the broad Interior Plain Region. The surficial deposits--in this
section are predominantly clay till to wi*hin about ten miles of tha

Willow Lake River, after which interbedded silt, fine sand and sandy clays

‘are anticipated. The thickness of peat will probably average less than

14 feet but local occurrences up to 15 feet thick are anticipated.

Permafrost will Tikely be encountered in about one-third of the borings
drilled near the Mackenzie crossing, ard an increasing frequency to about
one-half of the holes drilled near the Willow Lake River. It is

unlikely that the frozen soil will contai» much excess ice.
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_ Between the Mackenzie and Willow Lake Rivers there are no major water-

courses jntersecting the proposed route.

b) Millow Lake kiver to Wrigley - Mile 595 to 435. . 1

From the Willow Lake River to Wrigley the road passes through the
Cordilleran Region. To about Mile 425, sands interbedded with silts and
silty clays and till-like soil are likely to predominate. Beyond Mile
425, silty clays covered with up to two feet of peat .are the predominant
sojls. Peat up to ten feet thick has been found in bogs along this
section. Bedrock may be found close to the surface in places. Obvious
material sources will include numerous sand dunes, some eskers and
occasionally limestone outcrops.

Permafrost along this section of the route is anticipated in about 50
percent of the borings but the frozen soils will most likely contain
little excess jce in the form of pore ice and ice lenses.

Major water coursesin this reach of highway are the Willow Lake River
(Mile 395) and the River Between Two Mountains (Mile 411), and one

" stream near Mile 430 which will require a large culvert. Terrain along

this section is more undulating than the previous 50 miles.

¢) Wrigley to Blackwater River - Mile 435 to 492.

The surficial deposits in this section consist principally of silty clays
with some organic clay and till-1ike soils except at river beds and 1in

fan formations where silty sands and sandy gravels are prevalent. .These
Pleistocene deposits are underlain by limestones and shales of the

Franklin Mountains. The peat thickness to be encountered will likely range
up to four feet. Obvious material sources will include large gravel
deposits and limestone outcrops in the vicinity of Wrigley.

Permafrost in this section is widespread and frozen soil can be expected

in two-thirds of the borings. The frozen soil is likely to contain excessi

ice in silts and organic clays but little excess ice in other materials.

This section of the highway will cross Hodgson Creek (Mile 436), the
Ochre River (Mile 455) and cignificant streams at approximateiy Miie 460 an
Mile 471-al11 of which will require-bridges.. As well, .the route crosses 2

. -number ‘of ‘minor watercourses-and valleys and large culverts-dre anticipated
at roughly Mile 462, Mile 469 and Mile 479.." :

d) Blackwater River to Little Smith Creek - Mile 492 to Mile 533.

From the Blackwater River to the Saline River, the surficial soils is
predominantly silty clay with silty sand and sandy gravel being common at
rivers and in fan formations. Peat up to four feet in thickness has been
found to overlie the mineral soils. From the Saline River to Little Smith
Creek, silts and silty clays underiain by gravel-sand-clay mixtures are
predominant. Occasional rock outcrops will present some obvious material
sources through this section.

Permafrost in this section is widespread and is likely to be present in
about two-thirds of the borings. Excess ice in quantity is likely to be
found in silts and clays from the Saline River to Little Smith Creek.
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Tha terrain in this secticn is very irregular. Bridge crossings will

_be necessary at the Blackwater River, for a stream at approximately

Mile 511 and.faor.the Saline River (Mile 521). Large culverts will be
required for streams near Mile 498, 514, 519 and 528.

"e) Little Smith Sreek to Ft. Norman - Mile 533 to 584.

From Little Smith Creek to Big Smith Creek, the terrain traversed by

the highway is relatively free from lakes. From Big Smith Creek
northward to Fort -Norman, however, the highway will pass through a region
of thermokarst lakes and muskeg. Surficial deposits are largely silty
sand. -Peat cover up to 15 feet thick has been found in bogs along this

. section. s ;

Permafrost in this region is widespread and will 1%ke1y be encountered

~in 75 percent of the borings. The soils contain considerable ice,

ranging from pore ice not visible to the naked eye to ice lenses of a
few inches in thickness.

Little Smith Creek aﬁd'Big Smith Creek are tﬁe'major streams to be
crossed by the highway in this section.

f) Ft. Morman to Norman Wells - Mile 584 to 630.

From Ft. Norman to MNorman Wells the route traverses along the base of the
Norman Range and crosses numerous drainage channels with headwaters in the
adjacent mountains. Surficial soils are predominantly silts and silty
clays with some sandy gravels. Bedrock consisting primarily of shaies,
sandstones and some .limestone can be expected at shallow depths in many
Tocations. Organic cover will generally be 1 to 4 feet but thicknesses

of peat up to 15 feet have been encountered at some locations through

this area.

Permafrost in this section is widespread and will Tikely be encountered in
75 - 80% of borings. 1Ice will be excessive in silts and some clays, but
not excessive in gravels.

Bridge crossings will be required at the Great Bear River (Mile 585),
Jungle River Creek (Mile 601), Vermillion Creek (Mile 605), Prohibition
Creek {Mile 612), Christina Creek (Mile 615), Helava Creek (Mile 616},
Francis Creek (Mile 618) and Canyon Creek (Mile 620).

Obvious material sources through this stretch will include shale and
sandstone outcrops parallel to the highway, large taluys slopes, and
limestone ridges parallel to the route.

g) Norman Wells to Ft. Good Hope - Mile 630 to 725.

North of Norman Wells the route will continue along the base of the

Norman Range to Gibson Ridge, swing east of Gibson Ridge and proceed
north near Chick Lake to Ft. Good Hope. Surficial soils are predominantly
silts and clays with some silty sands and sandy gravels. Permafrost can
be expected in 90 - 100 percent of test holes and excessive ice will be
encountered in all fine grained soils. Obvious materials sources will
include rock outcrops and ridges, primarily shale, and large talus slopes.
Bridges or large culverts will be required at Bosworth Creek (Mile 632),
Oscar Creek (Mile 650), Elliot Creek (Mile 660), Hanna Creek (Mile 670),
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Donnelly Rivef (Mile 685), Snafu Creek (Mile 695), Tsintu River (iile 710),
Jackfish Creek ( Mile 722) and Hare Indian River (Mile 725).

3. Objective of Investigation

a) General

In general terms, the geotechnical consultant in ecach designated section
will be responsible for providing sufficient subsoil data on the route
centreline and on selected borrow areas to: permit the Department to
proceed with final highway ‘design:and tender call for construction. In
addition, the consultant shall conduct foundation investigations at major
stream crossing in collaboration with the bridge consultants appointed

by the Department. The following paragraphs will outline specific con-
cern and responsibilities of the consultant.

b) ‘Differential Settlements

In addition to the identification and c]assification'of general soil
conditions along the centreline of the proposed highway, it is expected

‘the consultant will provide a terrain classification along the route and

will indicate areas of excessive ice, extensive peat zones, etc. which
could result in subsidence of the road embankment and a maintenance
problem. It is not expected the consultant should conduct thermal
analyses and indicate fill height requirements to maintain permafrost

in the underlying soil, but that potential areas of extensive embankment
subsidence due to thaw be delineated and an estimate of the total sub-
sidence be provided. Centreline boreholes should therefore not be

located on a regimented basis but should be located from airphoto analysis
of terrain and from field judgement and assessment of preceding boreholed
data. A borehole depth of no more than 15' on centreline is considered
adequate and the number of holes will depend upon the variation in terrain.

c) Roadway Stability

Overall stability of the roadway may be aproblem in some high fills and
cuts on side hills, especially if the latter is of a part cut, part fill
nature. The number, location and depth of holes necessary to adequately
define a particular situation, however, will depend largely on the grade
and alignment of the road. Since grade lines are unlikely to have been
established at the time of the geotechnical investigation, the consultants
engineering staff must use their experience to judge cut and fill
requirements, identify potential problem areas and outline solutions in

general terms.

Liquefaction and soil pumping may cause problems with some soils in
certain grade situations. An assessment of the potential occurrence of

these phenomena should be included.

d) Selection of Borrow

The utilization of borrow areas along a highway route must depend not only
upon the location of cyitable materials but upon the economics of con-
struction. Consequently it is expected the consultant will take into
consideration various items on the construction of embankment sections in

-
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. his selection of the borrow pits to be tested. These factors will in-

clude deadhaul, overburden, clearing, access roads, and the comparison
of excavation and haul costs for common material or rock baorrow. A pre-

. established search corridor centered along the right-of-way need not be

the range-limit ’n the search for suitable borrow, but rather on economic
limit based upon the factors outlined above should be used. In

_assessing borrow locations, the suitability of material in obvious cut

sections should he considered, but it can be generally assumed the

majority of the highway will be embankment (especially so north of Willow
Lake River) with minimal cut sections, and embankment requirements will be
approximately 60,000 cubic yards per mile. R

A11 potential borrow areas should initially be located from airphoto
analysis and route reconnaissance. The areas subsequently investigated
in the field should depend upon continued field judgement as acceptable
borrow areas are proven. It is estimated an average of four borrow areas
per mile will require evaluation to strategically locate suitable borrow
sources. The number, depth and Tocation of boreholes in any area should
be a field judgement based upon drilling results, the characteristics

of the feature being tested, and the estimated borrow requirements.
3 ~ . AT AT T e O I S stttz KA W

é) Backslope Stability and SlopeErosion.

Backslope stability in cuts, and slope erosion along cuts and sidehills,
ditches and toes of embankment has been a fairly common source of trouble
in permafrost affected areas. With the current emphasis on environmental
protection and restoration, these aspects are currently more significant
than ever. The proposed highway design in cut sections will include only
V-ditches hence erosion problems could be significant. It is expected
the consultant will identify potential erosion or back-slope stabiiity
problem areas and suggest solutions in general terms.

f) Drainage

The Department will conduct drainage surveys, and surface drainage will
be qutside the scope of these geotechnical investigations. However,
subsurface drainage is prevalent in the active layer in many parts of the
Mackenzie Valley, and interceptions of such seepage paths with a highway
may result in the formation of icings during the winter. The consultants'
field staff should be on the lookout for seepage areas and any suspect
regions should be noted, described and sampled, wherever possible.

g) Bridge Locations

Permafrost conditions at river crossings are usually quite complex. Many
of the banks and beds of the watercourses draining into the Mackénzie -~
River from the east along this reach of the Mackenzie Valley are free from
permafrost to a considerable depth. Exposure of the banks, however, is a
significant variable and the permafrost conditions will have to be
confirmed at the specific locations chosen for bridge crossings.

_From a soils point of view, the bridge designer will be interested in the

nature and stability of the soils forming the banks, the permafrost profilc
the strength and density profiles of the soils, the depth of the present
and future, (i.e. anticipated post-construction), active layer, the
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- foundation design criteria, and whether approach fills or cuts will

endanger the structure. Many of the watercourses intersected by the
highway route flow in deeply incised valleys having steep slopes, and there

~is evidence of velley wall erosion and channel shift in some. They

represent areas wihich will require fairly extensive investigation to
establish foundation design criteria, even if they are found to be free
from permafrost. - _

LAt all stream crossings the geotechnical consultant shall respond to the

requirements of the bridge consultants and/or the hydrology consultants
appointed by the Department. The firms commissioned to date are summarized
below. Bridge consultants beyond Miie 550, and hydrology consultants

" beyond Mile 500, will be appointed in the near future and the geotechical

consultant(s) involved in these sections will be notified accordingly.
Bridge site drilling_requirements will be provided by the various bridge
consultants by at least December 1, 1972.

Bridge Consultants oy B

T; Lamb, McManus & Associates - wf110w'Lake River

Canada North Engineering Ltd. - Blackwater River

Reid Crowther & Partners Ltd. - Mile 300 - 460
Stanley Associates Engineering Ltd. - Mile 461 - 550,
Hydrology Studies -

Bolter, Parish & Trimb]e'f Mile 300 - 500

h) Field Observations, Sampling and Laboratory Testing.

Due to the cost and time limitations imposed on the field operations,
movement of drill crews along the route must be relatively rapid - in tne

“order of 1 to 2 miles per day. Hence it will be difficult, if not

impossible, to confirm field drill logs at any location with laboratory
test results, until drill crews have advanced several miles along the
route. The success of the field operations must, therefore, depend
largely upon the information and data obtained, and the judgements made,
by drill inspectors and field engineers. Pertinent information recorded
in the field should include: : Ty ¢ -

Tww

- (i) - Visual identification and classification of the mineral and oﬁgénic

soils in accordance with the Modified Unified Classification Systen.
Where permafrost is found, ice description should be in ac¢ordance
with the m:thods set forth in N.R.C. Technical Memorandum No. 79,
Guide to the Field Description of Permafrost.

(ii) Depth of the active layer (where apparent).

(1ii) Description of the type of vegetation cover, terrain relief,

drainage and snow cover. Photographic records should be taken in
regions of major interest or at anticipated problem areas.

Soil sampling in centreline borings should be sufficient to reveal the
general soil conditions along the route, to provide data on ice (moisture)
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contents and volumes of ice, and to provide samples from which thaw
settlements can be estimated. These samples can be largely disturbed

for classification testing, however some semi-continuous cores will be
required in ice rich zones for ice volume and thaw settlement evaluations.

Sampling in borrow areas should be sufficient to confirm the drill
inspectors logs, and to provide moisture contents and soil classification
data which will be included in the tender documents for construction.
Since compaction control will not be exercised during construction,
moisture density relationships on borrow materials will not be required.

Sampling and testing in anticipated problem areas such as deep cuts,

high fills, seepage zones, etc. should be sufficient to accurately define
the problem. It is anticipated sampling would be semi-continuous with
coring or penetration sampling devices.

: Samﬁ]ing and testing at bridge sites should be consistent with normal

engineering practice for foundation investigations. Sampling should be
on a semi-continuous basis using coring, Shelby tubes or penetration
sampling devices. : :

4, Field Operations , : '
a) Consultant Respoh;ibilﬁﬁy |

The consultant will be responsible for all aspects of the field operations
including mobilization of equipment and camps, staffing and operational
support. Anticipated equipment requirements will include two track mounted
drilling rigs, at least one of which must be capable of drilling rock,
dozer support for clearing access to borrow pits, ground transport vehicles
for crews, camp trailers and fuel sloops. Camps must be mobile and
either track mounted or sled mounted for travel on the cleared highway
centreline. Field laboratories may be utilized however the benefits of
on-site testing and the inherent costs of a field lab and maintaining
technicians in the field should be balanced against the cost and dis-
advantages envisaged in shipping samples ’'south' for testing. Support

for field crews should be supplied in the most economical means available.

The consuitant should endeavour to employ residents of the N.W.7. whenever
possibie, subject to the availability of the skills required. All employ-
ment of local staff must be through the Canada Manpower Centres at Ft.
Simpson or Inuvik. :

b) Departmental Activities.

The Department will commence centreline clearing of the route by-means.of
dozers and mobile camps on November 1, 1972 and access with tracked
vehicles will be possible thereafter. Centreline clearing will beyin at
3 locations - the starting mileages, direction of work and clearing
contractors are outlined below. The progress rate for clearing is
estimated at approximately 2 miles per day and geotechnical consultants
can plan field operations accordingly. No dozer assistance will be

.provided by the Department for the borrow pit clearing.
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. Contractor ;= 'Eguighent Work Schedule

Robert Reason Contracting 2 - D-7 Dozers Start at Mackenzie River

Crossing-Mile 346-and work
“‘north to Mile 470.

Dallas Contracting 2 -.D-8 Dozers - Start at Ft. Norman-Mile
. ‘ 584-and work south to Mile
470. -
Carl Mueller Contracting 1 - D-7 Dozer Start at Ft. Good Hope-Mile
' ' 1 - D-8 Dozer 725-and work south to Ft.
- - Norman-Mile 604.

The Department will establish and maintain camps at Ft. Simpson (Mile 297),
Willow Lake River (Mile 395), Blackwater River {Mile 492}, Norman Wells
(Mile 630), and Ft. Good Hope (Mile 720). With the exception of Ft.
Simpson, the camps will be staffed with only a skeleton crew during the
winter months, however consultants may utilize the camps as staging areas
and may make use of the accommodation facilities available at anytime
during their field operations. Food supplies at the camps will be minimal
and consultants will be expected to provide their own resources in this
regard. . : : ' .

¢) Land Use Regulations |
A11 consultant field operations must comply with Territorial Land Use

Regulations. The department will obtain a General Land Use Permit for
operations on the route right-of-way, however all movement off the right-

of-way_must _he approved_by an._additional permit_or by an_extension to the

general _perxmit. In order for the Department to obtain a permit for
exploration off the right-of-way it will be necessary to indicate the
extent of movement into virgin terrain. Therefore the consultant shall
pre-select potential borrow sources. from air photo study and route
reconnaissance and submit a_mosaic_outlining these.tentative exploration
areas. to the Department prior to the start of field operations. Since any
request for a land use permit. requires approximately 1 month for approval,
these mosaics should be available as quickly as possible to avoid any
delay in field operations. Any specific gueries regarding Land Use
Regulations during field operations should be directed to:

Mr. D.‘J.-Gee, Regional Manager, Water, Forests & Land
Department of Indian Affairs and Northern Development,
Yellowknife, N.W.T,

5. Available Route Information | -

The Department has assembled existing terrain mapping and borehole data
along the general route corridor to roughly Mile 660, and this data is
available to consultants. In addition, two sets of airphotos (1000 and
3000 feet to the inch - flown in summer 1972) are available for study in
the Regional Office in Edmonton. Copies of the airphotos will be made
available to the consultants as soon as possible.

-

-
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Narrative reports outlining the progress of the investigations should be
submitted to the Department on a bi-weekly basis, and very preliminary
technical reports consisting primarily of borehole logs should be

provided at the same time. Final reports on the centreline, borrow pit

and problem area investigations, including laboratory testing and recommen-

" dations, shall be submitted by April 30, 1973. Foundation reporting

on bridge sites should be co-ordinated through the bridge consultants,
however, it is anticipated a final report on any bridge site should be
available within 5 weeks after completion of the field work at the bridge
site.. - . .
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EXPLANATION OF TERMS AND SYMBOLS

USED ON TEST HOLE LOG SHEETS

Depth
This column refers to the depth below the ground

surface in feet.

Sample Number

Tube and core samples were numbered consecutiveiy
from the surface. Grab samples were not numbered.

Sample Type

This column indicates the depth interval
and condition of each sample attempted. Undisturbed
samples in this program were obtained with Shelby tubes
of 18 inches length and 3 inches diameter, manufactured
from 11 gauge steel, or by core drilling. Cores were
of 2.85 inch diameter and up to 36 inches long.

Disturbed samples were obtained from the
returned cuttings.

T indicates tube sample

C indicates core sample

indicates large grab sample

Note: Grab samples taken for water content and visual
examination are not indicated in this column.

Percent Recovery

This column shows the length of sample recovered
as a percentage of the length attempted. 100% recovery is

not indicated and may be assumed where no value is shown.
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Penetration Resistance

No standard penetration tests were performed
during this program.

Soil Symbol

The soil symbols used are explained in full
on page 5 of this appendix.

Soil Description

Soils of different engineering classification
are grouped generically for ease of reference. The system
used is the Modified Unified Classification System for
Soils.

Frozen Ground

The depth intervals over which frozen and unfrozen
ground were encountered are indicated by F and UF respectively.
No attempt was made to differentiate between seasonal
frost and permafrost.

Ice Description

The ice content of permafrost soils has been
classified according to the National Research Council
System for describing permafrost. A brief review of the
NRC System is contained on page 9 of this appendix. Where
no entry is made, the type was not recorded in the field.

The amount of ice contained in a soil sample
was estimated in the field laboratory by inspection. The
value arrived at by the laboratory technician has been

left unchanged.
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Water Content

The natural water content of the soil at the

time of drilling is plotted against depth on the chart

at the right hand side of the log. The water content,
which is indicated by a circle, is expressed as a per-
centage of the dry weight of the soil. It will bevébserved
that water contents in excess of 100% are indicated in
the column at the right of the chart by figures.

Volume of Ice

The total volume of ice in undisturbed samples
is indicated on the same chart as water contents. The
value is indicated by a triangle. This volume is the
total volume of ice in an undisturbed sample and includes
intersticial ice, as well as excess ice, and is expressed
as a percentage of the total volume of the sample.

Grain Size Analysis

The proportions of clay, silt, sand and gravel
in a sample are summarized. Grain size curves for each
sample so analyzed are on separate sheets.

Wet Density

The wet in situ density of undisturbed samples

is the total weight of the sample in pounds (including ice

and water) divided by the volume of the sample in cubic feet.
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The dry in situ density of undisturbed samples

Dry Density

is the weight of dry soil divided by the volume of the
sample in cubic feet.

Atterberg Limits

The plastic and liquid limits are shown on
the water content chart by a horizontal bar. The Atterberg

system is discussed in the following section.

NOTES ON ATTERBERG LIMITS

Soils which possess a significant fraction
of clay can exist in liquid, plastiq or solid states according
to the water content. Where the water content is very
high, so that the soil is in the form of a slurry, the
soil behaves as a liquid. If the water content is reduced,
for example through evaporation, the clay will enter into
a plastic state. If the water content is reduced yet
further, the clay will become a solid. The transition
from one state to another occurs gradually over a range
of water content. Atterberg, a Swedish agronomist, developed
a method for delineating the boundaries between the three
states. If his method is used, the water content which
marks the dividing line between the plastic and liquid
state is known as the Liquid Limit. These water contents
are all expressed as percentages of the dry weight of

soil. The range of water content between the plastic



MODIFIED UNIFIED CLASSIFICATION SYSTEM FOR SOILS

FIBROUS TEXTURE

LABORATORY
GROUP | GRAPH |COLOR
MAJOR DIVISION SYMBOL|SYmMBOL| CODE TYPICAL DESCRIPTION CLASSIFICATION
CRITERIA
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i = CLAYEY GRAVELS, GRAVEL-SAND-(SILT) 12% AR haiTS
es GC TRIOW, | E ietimes ABOVE “A” LINE
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& | “ES58 . INORGANIC SILTS, MICACEOUS OR DIATO- PLASTICITY CHART
@ 2% W, >50% el BLUE | MACEOUS, FINE SANDY OR SILTY SOILS g i
s z ( )
@ INORGANIC CLAYS OF LOW PLASTICITY,
ni W, < 30% c / GREEN | GRAVELLY, SANDY, OR SILTY CLAYS, LEAN
=% 5.2 L ' ! !
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ALL SIEVE SIZES MENTIONED ON THIS CHART ARE U.S. STANDARD, A.5.T.M.

2. BOUNDARY CLASSIFICATIONS POSSESSING CHARACTERISTICS OF TWO
GROUPS ARE GIVEN COMBINED GROUP SYMBOLS, E.G. GW-GC IS A WELL
GRADED GRAVEL SAND MIXTURE WITH CLAY BINDER BETWEEN 5% AND
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and liquid limit is known as the plastic range and the =~ #*
numerical difference between the liquid and plaétic limité
is called the ?lasticity Index.

It will be appreciated that where the natural
water content is in excess of the liqﬁid limit, the soil
mass will be most unstable and will readily fiow into
excavations or trenches. Such considerations will not
apply where the soil mass is kept frozen. However, in
cases where the frozen soil is allowed to thaw, the relationship
between the natural water content and liquid limit becomes
e¥itical.,

On page 5 there is a cha;t showing the relation-
ship between the Plasticity Index, the Liquid Limit and
the group symbols of the Unified Classification System.
The Atterberg Limit system is extremely useful for identifying

and classifying soils.

NOTES ON THE RADFORTH SYSTEM

FOR CLASSIFYING PEAT

The Radforth classification system for describing
muskeg (organic terrain) is a method for classifying the
three elements of vegetation, topography and organic surface
cover using letter and figure symbols. Height and type
of vegetation is described by using capital letters (A
through I). Topography is described by using lower case
letters (a through p) Organic cover type if described

by using figures (1 through 16).
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Table I outlines these fig symbols and the
peat stfucture and type represented by them. A complete
description of the Radforth system is contained in "Guide
to a Field Description of Muskeg" published by Nationél

Research Council, Ottawa, from which has been copied Table

II
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TABLE I

SUBSURFACE CONSTITUTION

Predominant
Characteristic Category Name

1, Amorphous—granular peat

2. - Non-woody, fine-fibrous peat

B, Amorphous—granular peat containing
woody fine fibres

4. Amorphous-granular peat containing
woody fine fibres

5 Peat, predominantly amorphous-granular,
containing non-woody fine fibres, held
in a woody, fine fibrous. framework.

6. Peat, predominantly amorphous-granular
containing woody fine fibres, held in
a woody, coarse-fibrous framework.

Ta Alternate layering of non-woody, fine
fibrous peat and amorphous-granular
peat containing non-woody fine fibres.

8. Non-woody, fine-fibrous peat containing
a mound of coarse fibres.

94 Wood, fine fibrous peat held in a woody,
coarse-fibrous framework.

1:0:. Woody particles held in a non-woody,
fine-fibrous peat.

11 Woody and non-woody particles held in
fine-fibrous peat.

12, Woody, coarse-fibrous peat.

13. Coarse fibres criss-crossing fine-
fibrous peat.

14. Non-woody and woody fine-fibrous peat
held in a coarse-fibrous framework.

LS 5 Woody mesh of fibres and particles
enclosing amorphous-granular peat
containing fine fibres.

16 . Woody, coarse-fibrous peat containing

scattered woody chunks.

~
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NOTES ON THE NATIONAT RESEARCH COUNCIL

SYSTEM FOR DESCRIBING PERMAFROST

Ground ice occurs in three conditions. Non-
visible, visible (but less than one inch in thickness)
and clear ice. Non-visible ice is designated N with an
added suffix of one or two lower case letters. vVisible
ice is designated V with an added suffix of one lower

case letter. Clear ice is designated ICE with notes on

ice type.
TABLE IV

Symbol Description

Nf Non-visible ice, frozen soil in
friable condition.

Nbn Non-visible ice, frozen soil well
bonded, no excess ice.

lbe Non-visible ice, frozen soil well
bonded, excess ice revealed on
melting sample.

Vx Visible ice crystals.

Ve Ice coatings on soil particles.

Vr Ice formations irregularly
orientated.

Vs Stratified ice lenses.

ICE Clear ice over one inch in thickness.

ICE + soil Ice over one inch thick with soil

inclusions.
A complete description of this system is contained
in "Guide to a Field Description of Permafrost" published

by National Research Council, Ottawa.



