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INSULATED  ROADWAY  ON  PERMAFROST  

MACKENhE  HIGHWAY,  INUVIK,  N. W. T.-

DESIGN,  INSTRUMENTATION  AND  CONSTRUCTION  OF  TEST  SECTIONS 

by 

G. H.  Johnston and  E.  Penner 

PREFACE 

The  use  of a  layer  of  insulation  in  embankments  constructed  on 

permafrost to  prevent thawing  of  underlying  ice  rich soils  and  the 

inevitable  settlements  that  occur,  is  a  construction technique  of great 

potential  in northern areas.  Information,  particularly on  the  thermal 

aspects,  is  required,  however,  to  i.rnpr ove  design and  construction 

procedure s .  A  field  study was  undertaken,  therefore,  by  the  Canadian 

Government  Interdepartmental Committee  on  Highway Insulation,  to 

evaluate  the  performance  of  insulated  embankments  constructed on 

permafrost. 

Several  insulated and uninsulated test  sections were  constructed 

on  the Mackenzie  Highway near Inuvik,  N. W. T.  in  1972.  This  report 

has  been prepared to  record details  of  the  de sign and  construction of 

the  te st  sections  and  the  instrumentation installed  to monitor  change s 

in  the  ground  thermal  regime  and movements  of  the  embankment. 

The authors  are  research officers  in  the  Geotechnical Section, 

DBR/NRCC,  and were  responsible  for  the  design  of  the  test  sections 

and  the  instrumentation as  well  as  the  supervision of  their  construction 

and  installation. 

C. B.  Crawford 

Director 
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INSULATED  ROADWAY  ON  PERMAFROST  

MACKENZIE  HIGHWAY,  INUVIK,  N. W. T.-

DESIGN,  INSTRUMENTATION AND  CONSTRUCTION  OF  TEST  SECTIONS 

by 

G. H.  Johnston and  E.  Penner 

1. INTRODUCTION 

Degradation  of permafrost under  highways,  railroads  and 

runways  constructed over  ice rich soils  can  result  in  significant  settle-

ment  (and  possibly failure  due  to unstable  foundation  and  side  slope 

conditions)  and,  therefore,  high maintenance  costs  over  a  period  of 

years.  Whenever pos sible,  embankments  are de signed  to  prevent 

thawing  of  icerich  subgrades.  In  some  areas  (generally  in the  discon-

tinuous  permafrost  zone)  this  is  not  feasible,  because  of  the  very thick 

fills  that must be  constructed.  Large  quantities  of  suitable  fill mate-

rial are  not  always  readily available  in  some  northern areas  and, 

therefore,  must  be  hauled for  long  distances  at great  expense.  Exca-

vation and  placement  of  borrow materials,  which are  usually frozen, 

pose  additional problems. 

An  alternative  approach  is  to  construct  a  shallower  embankment 

that will  retard,  to  some  extent,  the  rate  of  thaw  in the  subgrade  and 

accept  the  settlements  that will  occur  and the  maintenance  that will  be 

required.  Permafrost conditions  can be  extremely variable  over  short 

distance s ,  however,  and differential movements  and  the  remedial work 

required to maintain  a  good  surface  for  traffic  throughout  the  year may 

not  be  acceptable. 

The  use  of a  thermal  insulating  layer placed  in  an  embankment 

is  a  concept that  is  now well  established  in  seasonal  frost  areas  to 

reduce  frost  penetration  into  a  frost  susceptible  subgrade  and thereby 

minimize  frost  heave  and damage  to pavements.  Insulation  can  also be 

used to  advantage  to  control ground temperature  changes  in  permafrost. 

The  inclusion  of  a  layer  of  insulation  in  a  road or  runway to  prevent 

thawing  of  ice rich subgrades  and  substantially  reduce  the  quantity  of 

fill  required  is  a  construction technique  of great potential now  being 

investigated by  the  Government  of Canada. 

Planning  for  the  expansion  of  the  highway  system in  northwestern 

Canada had  indicated that  these problems as well  as  a  number  of  others 

would  be  encountered in the design and  construction  of  roads  in perma-

frost  areas.  It  was  realized  in particular, that  thermal design procedures 

were  not well  established and  that  there  was  a  need for  information  on 
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the  relevant  parameters.  Late  in  1971,  the  Federal Government 

established  the  Interdepartmental Group  on  Highway Insulation  Ｈ ｉ ｇ ｈ ｉ Ｉ ｾ Ｚ ｾ  

to  examine  the  potential use  of  insulation  in  roadways  constructed  on 

permafrost.  Following  consideration  of  the  problems  involved  and  the 

need for  information primarily for  design,  but  also for  construction, 

purposes  the  IGID decided,  early in  1972,  to  undertake  a  fullscale 

field  study and  construct  several test  sections  in northern Canada to 

evaluate  the  thermal performance  of  an  insulated  roadway. 

A  contract had  been  let  in mid  1971  for  the  construction  of  33 

miles  (Mile  931  to  964)  of  the Mackenzie  Highway  south from  Inuvik , 

N. W. T.  (Fig.  1  and  2).  It was  agreed  that  the  te st  sections would  be 

installed  at  a  suitable  location  on  this  route  because  it was  in  a  perma-

frost  area where  insulation  could  be  used  to  advantage  and  construction 

equipment would  be  available  from  the  contractor working  on  the  Job. 

In  addition,  because  the  test  sites would  be  relatively close  to  the 

major  settlement  of  Inuvi k ,  good  access  and  support facilities  would  be 

available  during  the  proposed 4 to  5 year  life  of  the  study. 

Several  types  of  insulating rn at e r ia l  were  considered for  the 

te st  sections;  extruded polystyrene boards,  having  previously been used 

succe s sfully  in  seasonal frost  areas,  were  chosen.  Great  i nte r e st  in 

the  project was  e.xp r e s s e.d  by the  Dow  Chemical Company of Canada who 

provided  all the  insulation and  are  participating  in  the  stud y. 

This  report de scribes  the  de sign,  instrumentation and  construc-

tion  of  the  te st  sections  installed  on  the Mackenzie  Highway near  Irruv i k , 

N.W.T. 

II.  DESIGN  OF  TEST  SECTIONS 

Contract  s pe c if i c at i on s  prepared by the  Department  of  Public 

Works  for  the  33mile  stretch of  highway  south from Inuvik called for 

a  24ft  wide  roadway  (shoulder  to  shoulder)  with a  O. 5ft  crown  and 

ｾ Ｚ ｣   Members 

Department  of  Indian  and  Northern Affairs, 

Technical Services  Branch 

National  Research Council  of  Canada,  Division  of 

Building  Research 

Department  of  Public  Works,  Civil Enginee ring  Division 

Ministry of  Transport,  Highway Branch 

Participant  

Dow  Chemical Company  of  Canada Limited  

,  
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3:1 side slopes. An average fill about 5 ft thick was to be placed by 

end dumping material hauled from borrow pits located along the route. 

It was anticipated that the contractor would carryon construction 

ope rations throughout the year and that fill would be placed both surnrrie r 

and winter. The right of way had been hand cleared of trees and brush 

early in 1970. . 

As a first step in the de s ign of the test sections it was necessary 

to predict an optimum thickne s s of insulation that should be used in the 

Inuvik area. Very limited info rrnati on was available on soil (both 

subgrade and fill materials), permafrost and climatic conditions at 

potential site s along the route and, therefore, several as sumptions had 

to be made for calculation purposes. 

It was assumed that the subgrade materials would consist of 

high ice content silts or silty clays overlain by a O. 5- to l-ft layer of 

organic material (peat). The road would be constructed of granular 

material about 4 ft thick with the layer of insulation placed in the fill 

about 1. 5 to 2 ft above the original ground surface. In addition, it was 

assumed that fill placed during the w irit e r would be laid directly on the 

snow cover so that a layer of snow would underlie the embankment. 

Observations made over a number of years in the Inuvik area 

by DBR/NRC, indicate that the mean annual ground temperature at a 

depth of 50 to 100 it is about 26. O°F. 

Meteorological observations had been made at the Inuvik airport 

since 1958 and the air temperature data shown in Table 1 for the 10

year period 1960 -69 inclusive was calculated from records obtained at 

that site. A preliminary review of the data obtained by DBR/NRC as 

part of a long term study of the performance of the Inuvik airstrip 

showed, for example, that during the one year period September 1970 

to September 1971, the mean annual surface temperature of the gravel 

surface of the runway shoulder was about 16. 5°F. The mean annual 

air temperature during the same period was l2.0°F, i.e. about 

4. 5°F less. 

Numerical methods for ground thermal analysis developed 

independently by DBR/NRC and Dow Chemical were used to predict 

changes in the ground thermal regime. Several runs were made on 

the computer by both organizations using assumed values for tempera

ture distribution in the ground, physical and thermal properties of the 

subgrade and fill materials and for seasonal fluctuations in air and 

ground surface temperature s. The ground surface tempe rature was 

assumed to be either the same as the air temperature or to be several 

degree s warmer and to vary sinusoidally during the year. Various 

thicknesses of extruded polystyrene foam insulation were considered 
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as well as construction under winter (subgrade c orn.p l e te lv frozen and 

fill placed on snow cover) and SUITlITler (active layer thawed) conditions. 

The results of these c orriputat i on s indicated that an opt'imum 

thickness of about 3 to 3.5 inches of extruded polystyrene insulation 

would be required to prevent thawing of the subgrade, i. e. below the 

original ground surface under the centre line of the roadway. Edge 

effects f r orn the side slope s were not included in the calculations, nor 

were changes in g e ome t r y that rn i ght occur f r orn s e tt Ierne nt of the road 

resulting f r orn thawing of the subgrade. The analyses also indicated 

that the m aj o r changes in the ground the rrna l r e g irne due to the new 

conditions irnpo s e d on the ground surface (construction of a layered 

ernbankm ent ) would occur during the initial 4 to 5 years following 

construction. Equ i Ii.b r iurn conditions would not be reached until SOITle 

t irn e later. 

Because construction would be carried on throughout the year 

it was decided by the IGHI that test sections would be installed under 

both winter and SUITlITler conditions. One group of te st sections would 

be constructed in the late winter (April) when the subgrade and fill 

(placed directly on the snow cover) would be c ornplet e l y frozen and 

ground t ernpe r atu r e s would be at ne a r vrn irrirnurn values for the year. 

A second group of test sections would be constructed in late SUITlITler 

[Septernbe r ] when the thaw (depth of the active layer) was greatest and 

ground t ernpe r atu r e s would be near their rnaxirnurn value for the year. 

The winter and SUITlITler test sites were to be located as close as 

possible to each other (depending on site conditions) to s irnplify m akirig 

observations and c orripa r i s on s . 

It was considered irrrpo r ta.nt that the pe rf'o rrnanc e of sections 

containing different thicknesses of insulation should be included in the 

e xpe r irne nt for c ornpar i s on with each other and with that of an uninsu

lated ernbarikrn ent . The t he r m a l behaviour of all te st sections, both 

insulated and uninsulated, would also be c ompar ed with the ground 

the r-rn a l r e g im e in an adjacent undisturbed area. 

Although it was recognized that the rate and depth of thaw would 

be greater under the side slopes, and thus cause s lurnpirig and decrease 

the roadway width, no special rn e a sur e s were taken to insulate or 

protect the slopes. Observations would be rna.de , of course, to assess 

their behaviour. Based on the highway specifications (24 ft top width, 

3:1 side slopes) and a s suming that 2 ft of backfill would cover the insu

lation, the width of the layer of insulation at all test sections would be 

36 ft. 

Three l25-ft long test sections would be constructed at each 

of the "Winter" and "Surnrne r " sites. At the winter site, two insulated 
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sections (one containing a. 2-in. thick layer of extruded polystyrene 

boards, the other a 3. 5-in. thick layer) would be separated by an 

uninsulated test section for comparison. At the summer site, two 

insulated sections (one having a 3. 5-in. thick layer of insulation, the 

other a 4. 5 in. thick layer) separated by an uninsulated section would 

be constructed. 

Special problems arise when roads are constructed in areas 

underlain by ice wedges. Thawing and erosion of the buried ice 

masse s often cause drainage problems and severe differential settle

ment' difficult and costly to repair. It was suggested, therefore, that 

if ice wedge terrain existed along the route, consideration should be 

given to installing a third test site to evaluate the usefulness of an 

insulated embankment in preventing or reducing thaw and settlement 

problems and extensive maintenance work. 

Ill. SITE INVESTIGATION AND SELECTION 

1. General Considerations. 

The contractor (Catre Construction) had started work during 

the late summer of 1971 and, by the end of March 1972, had construc

ted a rough embankment 2 to 3 ft thick from Mile 964 (junction of the 

Mackenzie Highway with the Inuvik airport road) south to Mile 950. 

Every effort was being made by the contractor to cover as much 

distance as possible towards the south end of his contract (Mile 931) 

before spring break-up to give access to as many borrow pits as 

possible. During the summer of 1972 the contractor proposed com

pleting the section already constructed, that is, bring it up to grade 

and trim it to the required standards. 

It was hoped (and highly desirable) that the test sections could 

be constructed on previously undisturbed terrain, either by placing 

them on the right of way adjacent and parallel to the highway or ahead 

of where the contractor was working. However, this was not pos sible 

for several reasons, including environmental restrictions on overland 

travel, the very high cost of constructing a separate test roadway 

using fill that had to be hauled perhaps for several miles, d iff i cu lt 

access to investigate and prepare potential sites ahead of the contrac

tor and because construction of the test sections might seriously 

hamper and delay the contractor in his attempt to cover as rnuch dis

tance as possible before break-up. The test sections had to be con

structed, therefore, at the best possible location on the partially 

constructed road between Mile 964 and Mile 950. 

Several important factors, which could greatly influence the 

ground thermal regime and thus evaluation of the te st re su lt s , had to 
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be considered in selecting suitable test areas. These included align

ment, de sign grade s , general drainage patterns, location of streams 

and lakes adjacent to the highway, topography ( e. g. patterned ground, 

side hills, micro-relief features, etc.), surface cover, subsurface 

(soil and permafrost) conditions and the type of material used in the 

rough grade already constructed. It was hoped that the te st site s 

could be located on level, previously undisturbed terrain, on an east

west tangent section of road (i. e. not on a super elevated curve) 

underlain by relatively uniform frozen soils (preferably ice -rich) and 

free of drainage influences (e.g. side hills or downgrades, culverts, 

ponding, etc.) in order to eliminate or minimize the effect of as many 

variables as possible and to evaluate southern versus northern expo

sure. 

The authors had not seen the highway route south of Inuvik 

under summer conditions and were not familiar with details of the 

local terrain. Considerable time was spent, therefore, examining air 

photos in detail and reviewing design drawings and soils information 

provided by DPW, before proceeding to the field in mid-March, 1972. 

Two days were spent in a very careful ground examination of the route 

between Miles 964 and 950. Snow cover did not permit a detailed 

assessment of surface features, but many potential test site locations 

were eliminated almost immediately because they were on side hills, 

downgrades, at culvert locations or immediately adjacent to lake s, 

were probably underlain by bedrock at shallow depth, etc. and , in 

particular, because the highway had been constructed in many places 

along the route of an acce s s trail used by construction force s during 

installation of the C. N. T. telephone land line some 2 to 3 years 

previously. Heavy traffic on this access road had seriously damaged 

or destroyed the original ground cover and created changes in the 

ground thermal regime which would complicate analysis of observations 

at test sections constructed in such areas. 

The only location that satisfied rno s t of the requirements lay 

between contract stations 380 and 400 (Mile 956. 6) - -immediately west 

of Campbell Creek (Fig. 2). This section contained no culverts, was 

in relatively flat terrain (no sidehills or downgrades), on an east-west 

tangent approaching the Creek (located at sta , 405). The surface 

cover had not been disturbed. In addition, the C.N.T. access trail 

bypas sed this part of the highway right of way to the south and, there

fore, could be used by the contractor's hauling equipment (at least 

during the winter) when the first test sections were being prepared and 

constructed. 

There was a possibility that during the spring break-up period, 

flood waters from the Mackenzie River might encroach on this area. 
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Elevation control used along the highway is based on an assumed datum 

established in April 1954 at Inuvik (L. W. L. of the East Channel =0.00 ft). 

High wate r leve Is during the spring flood at Inuvik frequently 

reach 20 ft above this datum. The elevation of the ground surface at 

the proposed location of the te st site is also about 20 ft; and it was 

anticipated that flood waters from Campbell Lake (just south of the 

test area), which is upstream of Inuvik and directly connected to the 

Mackenzie River Delta, could reach that elevation, or even higher, in 

peak flood years. It was concluded that if flood waters did reach the 

highway at the proposed test site location, they would only persist for 

a very short time (perhaps 3 or 4 days) and, therefore, would not have 

any serious or lasting effect on the ground thermal regime or the test 

sections in general. 

Examination of air photos showed that the highway eros sed 

polygonal feature s (pre sumabl y underlain by ice wedge s) at severalloca

tions but none of these sites were considered suitable for the construction 

of a te st section for evaluation of an insulated fill placed over ice wedge 

terrain. Polygons were clearly visible on the air photographs (and on 

the ground) just north of the highway at Mile 957 but were not evident 

on the adjacent right of way. Despite this it was decided that a test 

section could be located about sta. 370 (Mile 957) anticipating that ice 

wedges might be present at that location. 

Before the final selection of the test sites was made, a subsur

face exploration program was carried out to determine soil and perma

frost conditions at the proposed locations. 

2. Soil and Permafrost Conditions 

Early in March, 1972 DPW forces drilled 17 holes on the right 

of wa y between sta , 386 and 393 + 50 to depths of from 12 to 20 ft with 

a track mounted drill using an air -flu s h , n on -coring bit. Bag samples 

of the cuttings were taken for identification and classification of the 

soils and moisture content determinations. More complete information 

was required, however, and Mackenzie Valley Pipeline Research Ltd. , 

(M VPRL) , who were carrying out a detailed drilling program in the 

area in connection with oil pipeline route studies, was retained under 

contract to obtain urid i stur b e d cores at the proposed test sites using 

two track-mounted Failing drills. Cores were taken with 4-inch 

diameter hollow stern flight augers about 2 ft long - -commonly referred 

to as the "Gas Arctic" barrel or modified SIPRE barrel (Fig. 3). The 

core bit was set with 2 or 4 replaceable tungsten carbide teeth. 

Six holes were cored under NRC supervision on 30 and 31 March 

1972 at 4 locations to depths ranging from 9 to 60 ft. Two hole s (D-l 
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and -IA) were drilled on centreline at the proposed location for the 

summer test site. At the proposed winter te st site, two boreholes 

(D - 2 and - 2A) were drilled on centreline and one hole (D -4) was drilled 

87 ft south of centreline. Hole D-3 was drilled on centreline at the 

proposed polygon test site. Undisturbed cores were taken for the full 

depth of all holes with the exception of hole D-4 where 2-ft long cores 

were obtained at about 3 to 4 ft intervals between 30 ft and 55 ft. The 

location of all boreholes (both DPW and MVPRL) are shown on 

Figure 4. 

All core s were examined and logged as soon as they were 

extruded from the barrel at the drill hole. They were then wrapped in 

cardboard insulation and placed in an insulated box for transportation 

to the laboratory in Inuvik where they were maintained in a cold room 

at a temperature of about 28°F until they were tested within a week or 

two. Most of the core samples were trimmed on a lathe in the cold 

room to remove the thin skin of partially disturbed material resulting 

from the coring operation. The frozen bulk density of all intact cores 

was determined by carefully measuring and weighing the t r irnrned 

samples. Photographs were taken of most cores either in the frozen 

state or after they had been allowed to thaw slightly at room tempera

ture. Moisture contents were measured and dry densities calculated 

for all samples. Representative samples were selected and shipped by 

DBR/NRC to the DPW soils laboratory in Edmonton for identification 

and classification tests. 

Borehole logs and soil test results are given in Appendix 1. 

Photographs of typical cores are shown in Figures 5 to 8. 

The above investigations showed that a typical soil profile for 

the area consists of a layer of organic material f r orn 6 to 24 inches 

thick underlain by a grey, silty clay to a depth of from 10 to 15 ft. 

Beneath the silty clay is a dense grey sar.dy silty till extending to a 

depth exceeding 60 ft. The organic layer contains typical random 

inclusions and lenses of ice and the layer of silty clay is ice-rich con

taining as much as 50 per cent ice by volume mainly in the form of lense s 

from hairline to 1 in. thick. The underlying till is generally well 

bonded with very little visible ice segregation. The visible ice content 

in the till varied from 0 to 15 per cent by volume with occasional 

lenses up to 1/2 in. thick. 

The entire area is covered with hummocks ("frost boils") 

ranging from O. 5 to 1. 5 ft in height and 2 to 6 ft in diameter. On 26 

September 1972. 32 hand probings (16 in the centre of the hummocks 

and 16 in the depres sions between hummocks) were made in undis

turbed areas at all test sites to determine the depth of thaw. The depth 
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of thaw in the trenches between the hummocks ranged from 0.5 to 2.3 

ft (average thaw = 1.6 ft); the depth of thaw in the hurnm ock s ranged 

from 1.5 to 3.3 ft (average thaw = 2.3 ft). 

IV. CONSTRUCTION OF TEST SECTIONS 

1. Winter and Polygon Test Sites -- April 1972 

The three te st sections (two insulated and one uninsulated) at 

the "Winter Site" (sta. 386 + 00 to 389 + 75) and one insulated test 

section at the "Polygon Site" (sta. 369 + 50 to 370 + 50) were constructed 

between 3 and 22 April 1972 (Fig. 9). A 2·, to 3-ft thick embankment had 

been built in this area by end dumping in late N overnb e r , 1971. The fill, 

which was placed on the snow covered ground surface, was obtained 

from a borrow pit located approximately 1/2 mile west of the highway 

at Mile 958.6 and consisted of frozen lumps, s orn e as large as 2 ft in 

size, of medium to coarse sand and fragments of sandstone and shale. 

The only compaction achieved when the fill was placed resulted from 

the tractor levelling the material as it was dumped and from the equip

ment (self propelled scrapers) travelling over it. Thus, some lumps 

were broken down but much of the fill was still quite coarse and in a 

"loose" frozen condition. 

The polystyrene insulation boards (2 ft wide by 8 ft long) must be 

laid on a relatively level surfac e , to prevent them from breaking when 

covered with backfill. A "bedding" layer, 6 in. to 1 ft thick was 

required on the ground surface, therefore, to fill in the troughs between 

the hummocks and provide a leve 1 surface. 

A D-9 tractor with ripper and bulIdoze r blade was used to 

excavate about 2 ft of the existing fill and stockpile or spread it at the 

ends of the te st site s , The remaining O. 5 to 1 ft of fill was then 

levelled and compacted by a motor patrol and grid roller. A suitable, 

level surface could not be obtained, however, because of the hard 

frozen lumps of sand and the rock fragments and, therefore, a 

relatively dry, silty sand was hauled by scrapers from a borrow pit 

near Mile 948.4. About 6 in. of this material was spread on the test 

sections and levelled and compacted l::y the grader and grid roller to 

provide a satisfactory bedding layer for the insulation (Fig. 10). 

After installing thermocouple cable s (details given later) in the bedding 

layer and subgrade, the insulation boards were laid by hand. 

At the winter site a 36-ft wide, 3.5-in. thick layer of insulation, 

consisting of a bottom layer of 2 -in. thick boards and a top layer of 

1.5-in. thick boards, was placed from sta. 386 + 00 to 387 + 25 and a 

36-ft wide layer of 2-in. thick boards was placed between sta. 388 + 50 



- 10 

and 389 + 75 (Fig. 11). These insulated test sections were separated 

by an uninsulated (control) section. 

At the polygon site, 1. 5-in. thick boards were laid over a n 

area 42 ft wide by 100 ft long (sta. 369 + 50 to 370 + 50). At this 

location a wider layer of insulation was placed because 3 ft of backfill 

(3: 1 side slopes) was to cover the boards to maintain the original 

gradeline set by DPW, whereas, at the winte r site 2 ft of backfill 

would cover the insulation. 

The first row of board s was placed along the centreline of the 

road with the long side parallel to the centreline. Each successive 

row was laid working from on e end of the test section and outwards 

from the centreline. T'he boards were laid (and cut where necessary) 

so that all joints in adjacent rows were s t agge r ed , not only laterally, 

but also vertically in the case of the 3. 5 in. of insulation which con

sisted of two layers of boards. Two 6-in. steel spikes were driven 

through each of the boards around the perimeter of the te st section 

(and occasional boards within the section) into the frozen bedding 

layer to prevent movement of the insulation when the backfill was placed. 

Each of the 1. 5-in. boards was pegged to the underlying 2 -in. board, in 

the 3. 5-in. thick te st section, with two or four, 6 -in , long wood skewers. 

Settlement plates (described later) were installed on all test sections 

prior to backfilling. 

Suitable backfill material had not been found within reasonable 

hauling distance of the sites but, quite unexpectedly, a pocket of dry, 

loose granular material was discovered in the borrow pit near Mile 

958.6. Enough of this material was stockpiled in the pit and reserved 

for use at the te st site s. The backfill was hauled by scrapers and 

dumped at one end of the t e st section to be covered. A bulldozer then 

pushed the material onto the insulation. Care was taken to ensure that 

the tdozer "rolled" the backfill onto the insulation to prevent movement 

of the boards. This worked very well for the single layer of boards--an 

occasional board was buckled or cracked by the backfilling operation. 

At the 3. 5-in. thick insulated section, however, it was found that, as 

the backfill was placed, the top layer of boards for three rows either 

side of the centreline occasionally tended to slide along the lower layer, 

i. e. the wood skewers did not hold them in place. Consequently, joints 

from 1/2 -In , to 2 -in. wide opened up between the ends of some boards, 

such that when backfilling had been completed at this test section 

(worked from west to east) the top layerof 1.5-in.boards extended 1 ft 

beyond the underlying 2-in. layer over a 12-ft width (6 ft either side 

of centreline) at the east end. In a few case s , random boards were 

displaced laterally 1 or 2 in. Movements were relatively minor, 

however, and will not affect the performance of the test sections. It 
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does, however, point out that the boards must be well secured to the 

bedding layer and to the layer of boards beneath and backfilling must 

be carefully done to prevent unacceptable displacement of the boards. 

After the backfill had been placed on the three winter test 

sections the crown and side slopes were levelled and trimmed by a 

motor patrol as close as possible to the desired specifications (Fig. 12). 

In general, however, the shoulder to shoulder width exceeded 24 ft and 

the toe of the slope could not be properly trimmed because of the danger 

of damaging the insulation, which extended to the side slope, and the 

natural ground surface at the toe. Consequently, a windrow of material 

was left along the toe of the slope on both sides of the road. At the polygon 

te st site, although the crown was shaped by the grader, the side slopes 

were not trimmed because it was impossible for the grader to operate 

on the steep slopes. 

The contractor was hauling fill from the quarry at Mile 958.6 

(west of the test sites) to approximately Mile 950 (south east of the 

te st site s). Therefore the insulation had to be laid and backfilled over 

one half of the road at a time at the polygon site, so that construction 

of the test section would not interfere with the movement of hauling 

equipment (scrapers) and other vehicles using the road. Fortunately, 

the heavy traffic could bypass the winter site on the old C.N. T. access 

trail, and preparation and construction of the three test sections at this 

site was carried out over the full width of the roadway without interfer

ence by or interfering with the contractor's operations. 

2. Summer Test Site--September 1972 

The three test sections (two insulated and one uninsulated) at 

the summer site (sta. 392 + 00 to 395 + 75) were constructed between 

13 and 27 September 1972. During the summer of 1972 pit run shale 

and limestone rock from a quarry opened up in a bedrock outcrop 

immediately adjacent to the highway at Mile 959, had been added to the 

original fill to bring the road up to the design grade from the winter 

site easterly. Thus the embankment was about 5 ft thick in this area. 

The contractor was still hauling material from this quarry using trucks 

during installation of the summer test sections and to minimize inter

ference with his operation the test sections were constructed on one 

half of the road at a time. No detour or bypass road was available and 

the traffic therefore had to use the other half of the road. 

The south half of the roadway from s ta . 391 + 00 to 395 + 90 

was excavated first, using a D -9 tractor with ripper and bulldozer 

blade. The excavated material was loaded into trucks by a rubber 

tired, front end loader and hauled away. About 3 ft of the fill was 
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excavated leaving a 1. 5- to 2 -ft thick bedding layer over the subgrade 

which, having thawed to a depth of about 2 ft, was quite soft. The 

excavated area, which extended from 2 to 5 ft north of the centreline, 

was graded with a motor patrol but a level surface could not be obtained 

because of the large, angular, rock fragments. Thermocouple cable s 

(described later) were then placed in drilled holes in the bedding layer 

and subgrade. To provide a suitable surface on which to lay the insu

tion, several truck loads of crushed rock (1/4 in. to 3/4-in. material) 

were hauled to the site from a quarry at the Inuvik airport. This was 

spread and raked by hand (1 to 2 in. thick) over the 2 insulated test 

sections on the south half of the road. 

A 3. 5-in. thick layer of insulation (1 layer of 2-in. boards 

covered by a layer of 1. 5-in. boards) was laid by hand between sta , 

392 + 00 and 393 + 25 and a 4.5 -in. thick layer (1 layer of 3 in. boards 

covered by a layer of 1. 5-in. boards) was laid between sta. 394 + 50 

and 395 + 75 (Fig. 13 to 15). All joints, both horizontally and vertically, 

were staggered. Two 6-in. steel spikes were driven through each board 

in the bottom layer to secure them to the bedding material. Each board 

in the top layer was pegged to the board beneath with four or six 6 -in. 

long wood skewers. Settlement plates (described later) were then 

installed on the three test sections. 

Suitable backfill could not be obtained from borrow pits and, 

therefore, a silty, sandy granular material which had been used to 

construct the roadway about one half mile we st of the te st site s , was 

excavated from the embankment and hauled by truck to the summer 

site to cover the te st sections. As the material was removed from 

the road (from sta , 360 to 365) the excavation was backfilled with rock 

from the quarry at Mile 959. The trucks end-dumped the material at 

the test sections and a bulldozer "rolled" it onto the insulation. None 

of the insulation boards in either of the insulated sections were 

displaced by the backfilling operation. 

As soon as the south half backfill had been placed, traffic was 

diverted from the north to the south side, and the north half of the 

road was excavated by bulldozer and front end loader and the material 

hauled away. The bedding layer (about 1.5 ft thick) was levelled with 

a motor patrol, crushed rock from the airport quarry was spread and 

raked by hand on the insulated te st sections and insulation laid in the 

same manner as on the south half of the road (Fig. 16 and 17). 

Backfill was again obtained from the road about one -half mile to the 

we st and hauled by trucks to the summer site where it was "rolled" 

onto the insulation by bulldozer. Again, no displacement of the 

insulation boards, either longitudinally or laterally was observed. The 

total width of the insulation laid at the summer site was 36 ft based on 
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a 2-ft thick backfill (with 3:1 side slopes) covering the layer of insula

tion. A rnoto r patrol then c ornplete.d the job, shaping the crown and 

t r irrirnirig the slopes (Fig. 18). 

When the initial fill had been placed the previous winter and 

also when the rnat e r i a l f r orn the quarry at Mile 959 had been added 

during the preceding SUITlITler, to bring the road up to de sign grade, 

the roadway was wider than intended. In addition, during excavation 

of the fill when preparing the test sections, the bulldozer had difficulty 

in handling the coarse rock fill which spilled off the blade and widened 

the toe of the slope even rrro r e . Thus, although the top of the road was 

cut to the desired width (24 ft) and the upper portion of the side slopes 

was t r irnrned satisfactorily, the grader could do little with the rock at 

the toe of the slope. Consequently, the lower portion of both the north 

and south side slopes is rather irregular and wider than desired over 

much of the surnrne r te st site. 

Centreline profiles and plans of the SUITlITler and winter test 

sites are shown in Figures 19 and 20 respectively. 

3. Bedding and Backfill Materials 

After the bedding layer had been prepared at the winter and 

polygon site s , undisturbed core s arrip le s were taken f r orn shallow 

holes drilled at each of the 4 test sections (three at the winter site and 

one at the polygon site). Unfortunately, bulk densities of the bedding 

rnate r i a l could not be de te r-mined because the s ample s were very stony 

and dry and fell apart when handled. Good s ample s of the peat and 

subgrade rnate r i a l i.rnrned i ate Iy beneath, however, were obtained. In 

addition, large grab s arnpl.e s of the original fill, bedding and backfill 

rnat e r i.a l s were taken. 

At the SUITlITler site, field densities of the bedding rn at e r i a l 

were obtained using the sand cone rnethod , Large grab s ampl e s of the 

bedding and backfill rnat e r i a l were also obtained for identification and 

classification of the rnate r i a l s . Logs of the holes drilled on the winter 

test site and the results of all tests pe r fo rrrie d by DBR/NRC on these 

rnate r i a l s are given in Appendix 2. 

V. INSTRUMENTATION AND OBSERVATION PROGRAM 

The p r irna r y purpose of this study is to assess the t h e r-rn a l 

pe rfo rrriance of an insulated roadway on pe r maf r o st and to obtain 

i nfo rrnation on par arn.e te r s which will enable irrip r overne nt s to be 

rnade in the de sign of ern ba.nkrrre nt s (insulated and uninsulated). 

Me a sur erne nt of ground t errrpe r atu r e s to de t e rrnine and c orripa r e the 

change s that occur with t ime in the ernbarikrne nt and subgrade is of 

rna j o r irripo r t.ance . 
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Correlation of the ground thermal regime with the local climate (as 

indicated primarily by air temperature) is of equal importance and 

essential for analysis of the results. Of particular interest, is the 

determination of the relationship between air temperature and ground 

(embankment) surface temperature. In addition, measurement of 

movements (settlement) and changes in geometry of the embankment, 

are nece s sary. The fabrication and installation of the instrumentation 

used at the test sites is described below. 

1. Ground Temperature Measurement 

Copper-constantan thermocouples were used for all ground 

temperature measurements. Fifteen cable s (each containing 10 or 12 

sensing junctions) were installed at each of the Winter and Summer 

site s. Six thermocouple sensors were installed at the Polygon site. 

Twelve of the fifteen cable s at each site were fabricated of 12 pair 

multi -conductor cable; duplex wire was used for the othe r three cable s 

and at the polygon site. All cables were prefabricated at DBR/NRC, 

Ottawa and shipped to Inuvik ready for installation. 

At the winter site, cables were placed in drilled holes to 

measure ground temperatures to depths of 20 ft below the top of the 

bedding layer (or original ground surface) under the centreline, south 

shoulder and south toe of slope at the centre of the 3. 5-in. insulated 

and control sections, and under the centreline of the 2 -in. insulated 

section. Two 20 -ft cable s and one 10 -ft cable were installed on centre

line at the junctions of the 3. 5-in. insulated and control sections. 

Three cables (#12, 13 and 14) were placed to measure temperatures on 

the bottom and top surface s of the insulation and/ or in the backfill of 

the three test sections. Two cables (one 10 ft long, the second, 50 ft 

long) were installed in one drill hole in an undisturbed area off the right 

of way. 

All cables were installed in 3- to 4-in. diameter drill holes 

before the insulation was laid and the lead wire s we re buried in a 

shallow trench below the surface of the bedding layer. A 10- to 12 -lb 

brass weight was attached to the end of each cable to aid in lowering it 

down the hole and to keep it taut when the hole was backfilled with a 

dry silty sand and cuttings from the drill hole. The thickness of the 

compacted snow and peat layers under the embankment was determined 

when the cable hole s were drilled. 

When the insulation was laid, thermocouples were taped to the 

bottom and top surface s of the boards and the thermocouple junctions 

to be placed in the backfill were coiled on top of the insulation. After 

the backfill had been placed and the embankment shaped by the grader, 
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pits were dug by hand to retrieve these thermocouples and position 

them in the fill in the insulated and control sections on centreline and 

the south shoulder. 

The cable s at the summer site were installed in a similar 

manner. At the polygon site, thermocouples were attached to the 

bottom and top surfaces of the 1. 5-in. thick insulation boards at three 

locations on centreline. 

The location of all thermocouple cables and the position of each 

thermocouple Junction, as installed when the test sections were con

structed, are shown in Figs. 19, 20, 21 (a) to (e), 22 (a) to (e) and 23. 

A summary of the cable s is given in Table ll. 

Ground temperatures were to be monitored weekly using 

manually operated equipment until an automatic data acquisition system 

could be installed. All lead wires were placed in a plywood box laid on 

the ground surface to protect the cable s, and brought to a switch box 

located on the south side of the right of way at the centre of each of the 

winter, summer and polygon sites to facilitate making observations. 

Although weekly readings of ground temperatures are generally 

sufficient at depths greater than about 10ft, measurement of tempera

tures at depths above lOft, and particularly for those near and at the 

surface of the ground or fill, must be obtained almost continuously for 

proper analysis and evaluation because of their relatively rapid 

response to air temperature fluctuations. An automatic data acqui

sition (DA) system which will operate unattended has been specially 

de signed at DBR/NRC for continuously monitoring ground temperatures 

at the test sites. The system will be installed in the spring of 1974 in 

a heated hut located midway between the winter and summer sites. 

Power to operate the DA system is provided by a thermo-electric 

generator. Data from 350 thermocouple points will be recorded hourly 

on magnetic tape s , Arrangements have been made with the Telecommu

nications Branch, Ministry of Transport to have their Inuvik staff 

check and service the equipment and change tapes at regular intervals 

once the DA system is installed. 

In preparation for installation of the DA system, the instrument 

hut was erected and the thermo-electric generator, propane tanks and 

auxiliary equipment installed at the site in September 1973. At the 

same time, all the thermocouple cables from both the winter and 

summer sites were disconnected from the temporary switch boxes and 

extension cable s spliced on to bring all cable s to the hut where they 

were reconnected to the switch boards. Temperatures are being read 

approximately once a week or bi-monthly until the DA s v s t ern is 

installed and ope rational. 
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2. Embankment Movements 

To determine movements resulting from thawing and compaction 

of the subgrade and/ or fill, settlement plate s were placed in all te st 

sections at the winter and summer site s. At the winter site, four 

brass plates (18" x 18" x 1/4") were placed on top of the insulation 

(or the bedding layer in the control section) in each of the test sections. 

A spike was driven through the centre of each plate to hold it in 

position when the sections were backfilled. Two plates were placed 

on centreline and two on the south s houIde r at the third points of each 

of the test sections. Four brass plates (12" x 24" x 1/4") were placed 

in an identical manner and position in each of the three test sections 

at the summer site. The elevation of each plate was established 

before the backfill was placed. The locations of the plates are shown 

in Figs. 19 and 20 and the initial elevations of each plate prior to 

backfilling are given in Table III. Holes are drilled in the embankment 

to relocate the plates and engineering surveys are made periodically 

(two or three time s a year) to determine the elevations of the plate s 

and movements that have occurred. 

Changes in the shape of the embankment are determined 

periodically (2 or 3 times a year) by running cross -section surveys 

at 25 ft intervals over all the 
!

test sites. With the exception of normal 

maintenance grading of the road surface, no major remedial work by 

maintenance force s is pe rmitted on the te st site s without prior 

approval. This is enforced to ensure that instrumentation is not 

damaged or destroyed and to allow change s in geometry of the em

bankment to be determined with reasonable accuracy during the life 

of the study. 

No reliable datum point for elevation survey control was 

available in the area. A special bench mark (Fig. 24) was installed 

at the winter test site, therefore, and all surveys are based on this 

common datum. The elevation of this bench mark (27.26 ft) was 

obtained from a temporary bench mark on a nearby tree stump 

established and used by survey crews during construction of the 

highway. The temporary bench mark was tied in originally to a bench 

mark on rock at the Inuvik airport which was based on the assumed 

elevation ero.oo n = low water level, April 1954, on the East Channel 

at the Intivik wharf. 

3. Thermal Conductivity Probes 

Information on the thermal properties of the fill and subgrade 

materials is required for analysis of the heat transfer in the test 

sections. A fairly rugged thermal conductivity probe had been 
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designed by DBR/NRC for use in the field and laboratory. Four of 

these probes were installed at the winter site in the walls of test pits 

excavated in September 1973. Two probes were installed under the 

insulation near the thermocouple cables in the centre of the 3. 5-in. 

insulated test section; one was placed in the bedding material, the 

second at shallow depth in the subg r ade . Two probes were also 

placed near the thermocouple cables in the centre of the contr 01 

section; one in the bedding layer, the other at shallow depth in the 

subgrade. Lead wires from all probes were brought to the instrument 

hut. Observations will be made 2 or 3 times a year to determine the 

thermal conductivities of the materials in the frozen and/ or thawed 

condition. 

The location of the probes is shown in Fig. 25 and 26. 

4. Air Temperature and Snow Cover Observations 

A thermograph and standard Meteorological Service maximum 

and minimum thermometers were placed in a Stevenson screen at the 

winter site to obtain air temperature s for comparison with those 

measured at the Inuvik airport weather station some 6 to 7 miles to 

the west. Thermograph charts are to be changed weekly and the 

maximum and minimum thermometers read once a week. When the 

DA system is installed, air temperatures will be measured contin

uously by thermocouples placed in Stevenson screens at the winter 

and summe r site s . 

Graduated stakes, for measurement of snow depth, were placed 

at the location of the thermocouple cables in the undisturbed areas at 

both sites and at the thermocouple cables at the toe of the slope of the 

3.5-in. and 4. 5-in. insulated sections on the winter and summer sites 

respectively. Observations of snow depth at these locations and also 

on the centreline of the road at both sites are to be made weekly. 

Snow density measurements are to be made periodically in 

undisturbed areas at both site s. Observations of snow depth and 

density are being made to evaluate the effect of the snow cover on the 

ground thermal regime. 

VI. SUMMARY 

This report has been prepared to record details of the construc

tion of te st sections and installation of instrumentation for an evaluation 

of the thermal performance of insulated road embankments on perma

frost. Measurement of ground temperatures, embankment movements 

and changes in geometry of the roadway, and local climatic factors 

are included in the program. It is anticipated that the study will be 
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carried on for a period of at least 4 to 5 years. 

Vll. ACKNOWLEDGEMENTS 

Many people, too num.erous to m.ention individually, have 

participated, in various ways, with the installation of instrum.entation 

and construction of the test sections. The authors wish to express 

their appreciation to them. all for their cooperation and assistance. 

Weare particularly grateful for the guidance received from. and the 

continuing interest shown by m.em.bers of the IGHI (Mr. K. W. Stairs, 

Chairm.an) . 

Mem.bers of the Edm.onton and Inuvik offices of DPW participated 

in m.any ways from. arranging with the contractor for the use of heavy 

equipm.ent to providing survey crews and helping with installation at 

the site. Representatives of the Dow Com.pany (which provided the 

insulation) were on site each tim.e work was being carried out and 

were m.ost helpful in m.any ways. 

Funds covering m.ost of the expenditures for the project have 

be en provided by DIAND and MOT. 



TABLE 1 

AIR TEMPERATURE DATA - INUVIK WEATHER STATION - 1960-69 

10 Year Period 1960-69 inclusive 

Mean Annual Air Temperature = 13.8°F  
Max. Mean Annual Air Temperature = 17.1°F (1962)  
Min. Mean Annual Air Temperature = 10.9°F (1964)  

10 Year Monthly Mean Air Temperatures (1960-69) 

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

-23.4 -22.3 -12.8 5.2 30.6 49.8 55.7 50.1 36.9 18.4 -7.5 -14.6 

10 Year Mean Thawing Index = 2068 Degree Days (1960-69) 
10 Year Max. Thawing Index = 2375 Degree Days (1962) 
10 Year Min. Thawing Index = 1802 Degree Days (1969) 

10 Year Mean Freezing Index = 8687 Degree Days (1959-60 to 1968-69) 
10 Year Max. Freezing Index = 9618 Degree Days (1963-64) 
10 Year Min. Freezing Index = 7757 Degree Days (1962-63) 



TABLE 2  

DETAILS OF THERMOCOUPLE CABLES  

A. WIi\fTER SITE 

CABLE NO. OF 
NO. POINTS LOCATION REMARKS 

(a)  3.5" insulation section 
1 12 Sta. 386 + 62.5: on Centreline Below insulation--in fill and subgrade 
2 12 Sta. 386 + 62.5: 12.0' R of Centreline Below insulation--in fill and subgrade 
3 12 Sta. 386 + 62.5: 25.0' R of Centreline Toe of slope 

12  1-5 Sta. 386 + 62.5: 1.2' R of Centreline In fill--on and above insulation  
6-10 Sta. 386 + 62.5: 7.2' R of Centreline In fill--on and above insulation  

11-12 Sta. 386 + 62.5: 13.2' R of Centreline On insulation  

(b)  Transition--3.5" insulation/control
4 12 Sta. 387 + 20.0: on Centreline Below insulation--in fill and sUbgrade 
5 12 Sta. 387 + 30.0: on Centreline In fill and sUbgrade 

15 12 Sta. 387 + 25.0: on Centreline  In fill and subgrade--edge of insulation 

( c )  Control section 
6 12 Sta. 387 + 87.5: on Centreline In fill and subgrade 
7 12 Sta. 387 + 87.5: 12.0' R of Centreline In fill and sUbgrade 
8 12 Sta. 387 + 87.5: 22.2' R of Centreline Toe of slope 

13  1-5 Sta. 387 + 87.0: on Centreline In fill  
6-10 Sta. 387 + 87.0: 12.0' R of Centreline In fill  

(d)  2" insulation section  
9 12 Sta. 389 + 12.5: on Centreline Below insulation--in fill and sUbgrade  

14 1-5 Sta. 389 + 12.5: 1.0' R of Centreline In fill--on and above insulation  
5-10 Sta. 389 + 12.8: 7.0' R of Centreline In fill--on and above insulation 

11-12 Sta. 389 + 12.5: 13.0' R of Centreline In fill--on insulation 

.'  ｾ   

http:Transition--3.5


TABLE 2 (cont'd) 

CABLE NO. OF 
NO. POL\JTS LOCATION REMARKS 

(e)  Undisturbed area 
10 10 Sta. 387 + 82.5: 86.6' R of Centreline Below original ground surface 
11 12 Sta. 387 + 82.5: 86.6' R of Centreline Below original ground surface 

B. SUMMER SITE 

(a)  4. 5" insulation se ction 
1 12 Sta. 395 + 12.7: 0.5' R of Centreline Below insulation--in fill and subgrade 
2 12 Sta. 395 + 12.7: 12.7' R of Centreline Below insulation--in fill and sub grade 
3 12 Sta. 395 + 12.7: 31.3' R of Centreline Toe of slope 

12  1-5 Sta. 395 + 12.7: on Centreline In fill--on and above insulation  
6-10 Sta. 395 + 12.7: 6.0' R of Centreline In fill--on and above insulation  

11-12 Sta. 395 + 12.7: 12.0' R of Centreline On insulation  

(b)  Transition--4.5" insulation/control  
4 12 Sta. 394 + 55.0: on Centreline Below insulation--in fill and subgrade  
5 12 Sta. 394 + 45.0: on Centreline In fill and subgrade  

15 12 Sta. 394 + 50.0: on Centreline  In fill and subgrade--edge of insulation 

(c)  Control section  
6 12 Sta. 393 + 87.0: on Centreline In fill and sUbgrade  
7 12 Sta. 393 + 87.0: 13.2' R of Centreline In fill and subgrade  
8 12 Sta. 393 + 88.5: 36.6' R of Centreline Toe of slope  

13  1-5 Sta. 393 + 87.0: on Centreline In fill  
6-10 Sta. 393 + 87.0: 12.0' R of Centreline In fill  



________

TABLE 2 (cont'd) 

CABLE NO. OF 
NO. POINTS LOCATION REMARKS 

(d)  3.5" insulation section 
9 12 Sta. 392 + 62.6: on Centreline Below insulation--in fill and subgrade 

14 1-5 Sta. 392 + 62.6: on Centreline In fill--on and above insulation 
6-10 Sta. 392 + 62.6: 6.0' R of Centreline In fill--on and above insulation 

11-12 Sta. 392 + 62.6: 12.0' R of Centreline In fill--on insulation 

(e)  Undisturbed area 
10 12 Sta. 393 + 78.0: 76.0' R of Centreline Below original ground surface 
11 12 Sta. 393 + 78.0: 76.0' R of Centreline Below original ground surface 

ｾ Ｍ Ｍ ｩ  

C. POLYGON SITE 

1 A Sta. 369 + 75: on Centreline On bottom of insulation 
B Sta. 369 + 75: on Centreline On top of insulation 

2 A Sta. 370 + 00: on Centreline On bottom of insulation 
B Sta. 370 + 00: on Centreline On top of insulation 

3 A Sta. 370 + 25: on Centreline On bottom of insulation 
B Sta. 370 + 25: on Centreline On top of insulation 



TABLE 3  

DATUM ELEVATIONS FOR ｓｅｔｔｾｅｍｅｎｔ  PLATES  

1. WINTER TEST SITE (20 April, 1972) 

PLATE NO. ELEVATION LOCATION (centre of plate) 
3.5" Section 
1 28.23 Sta. 386 + 32.0: on Centreline 
2 28.05 Sta. 386 + 32.0: 11.3' R of Centreline 

3 28.07 Sta. 386 + 93.4: on Centreline 
4 28.02 Sta. 386 + 93.0: 11.3' R of Centreline 
Control Section 

5 27.63 Sta. 387 + 57.0: on Centreline 
6 27.68 Sta. 387 + 57.0: 11.3' R of Centreline 
7 27.28 Sta. 388 + 18.0: on Centreline 
8 27.19 Sta. 388 + 18.0: 11.3' R of Centreline 
2" Section 

9 27.16 Sta. 388 + 82.0: on Centreline 
10 27.25 Sta. 388 + 82.0: 11.3' R of Centreline 
11 26.95 Sta. 389 + 43.0: on Centreline 
12 26.88 Sta. 389 + 43.0: 11.3' R of Centreline 

2. SUMMER TEST SITE (19 September, 1972) 

PLATE NO. ELEVATION LOCATION (centre of plate) 
4.5 t1 Section 
1 25.15 Sta. 395 + 43.0: on Centreline 
2 25.24 Sta. 395 + 43.0: 11.3' R of Centreline 

3 24.96 Sta. 394 + 82.0: on Centreline 
4 24.85 Sta. 394 + 82.0: 11.3' R of Centreline 
Control Section 

5 24.73 Sta. 394 + 18.0: on Centreline 
6 24.82 Sta. 394 + 18.0: 11.3' R of Centreline 

7 24.92 Sta. 393 + 57.0: on Centreline 
8 24.93 Sta. 393 + 57.0: 11.3' R of Centreline 
3.5" Section 

9 25.19 Sta. 392 + 93.0: on Centreline 
10 25.27 Sta. 392 + 93.0: 11.3' R of Centreline 
11 25.04 Sta. 392 + 32.0: on Centreline 
12 25.08 Sta. 392 + 32.0: 11.3' R of Centreline 

Note: 
Elevations based on assumed datum of 0.00 ft 

= low water level on East Channel at Inuvik wharf - April 
1954. 
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Fig" 5, Hole ｄ ｾ Ｒ ｾ ｾ ｆ ｲ ｯ ｺ ･ ｮ  core. 

Depth - -Be Iow top of road fill ::: 5.8! 

ｾ Ｍ ｂ ･ ｬ ｯ ｷ  original ground su rf'ac e > 3, 3!, 

'72 =, D='2 
Ｕ ｾ ａ ｴ  7 
w/o:,  ｾＷ｀  

Fig. 6. Hole D-Z--Frozen core. 

Depth- -Be Iow top of road fill ::: 9. 3 1 

- -Be Iow original ground su rfac e > 7. O!. 
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Fig. 7. Hole ｄ ｾ Ｒ ｾ ﾷ Ｍ ｆ ｲ ｯ ｺ ･ ｮ  core. 

Depth--Below top of road f'i l l > 16.5' 

--Below o:dginal ground s u rf'ac e > 14.2'. 

Fig. 8. Hole ｄ ｾ Ｒ ｾ Ｍ ｆ Ｚ ｲ ｯ ｺ ･ ｮ  core. 

Depth- -Be Iow top of road fill ;::; 21.9 1 

- -Be Iow or Ig inal ground surfac e > .l. 9. 6'. 
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ｾ  INSULATED  TEST  SECTIONS 

FIGURE  9  

INSULATED  ROAD  TEST  SECTIONS  MACKENZIE  HIGHWAY  INUVIK,  N.W.T.  
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Fig. 10. Winter t e st site ｾ  -Prepared bedding layer upon 

which insulation will be placed. 

Fig. 11. Winter test site - _2 u insulation section. 

Vehicles parked on control s e ct i on , Completed 

3.511 insulation section in background. 



Fig. 12. Completed winter test sections. View to west 

f r om east end of 2 11 insulation section. 

Fig. 13.  Sumrne r test s ite c--S'out.h half of road. Laying 3" 

thick boards for bottom layer of 4. 5" thick 

insulation section View to we st> winte r test site 

in distant background. 



Fig, 140 Surnrne r t e st site "South half, Laying top layerCc 

of boards (1, 51e thick) on 4. 5" insulated section. 

Control section and 3, Ｕ Ｑ ｾ  section (with crushed 

rock levelling course) in background, 

Fig. 15.  Summer te st site ｾ  -South half. Laying insulation 

for 3,511 section. Note crushed rock levelling 

course and staggered Joints of boards. 



Fig. 16.  Sumrne r te st site - -No r th haIf . Crushed rock 

levelling course laid ready for insulation. 

Note edge of boards protruding from completed 

south half , View to we st , 

Fig. 17.  Surnrne r test site - -No r t h half. Insulation 

laid- -4. 5" section in foreground, control and 

3. 5" sections in background. 



0Fig. 18 Completed summer test s ite . View to east 

from. we at end of 30 5" s e cti on , 
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16 ECENTRELINE PROFILE
(3)  TOP  OF  ROAD  8EFORE  CONSTRUCTION  OF  TEST  SECTIONS   11/9/1972  

14  t SUMMER TEST SITE (4)ORIGINAL  GROUND  SURFACE  

o  ORIGINAL  FINAL  DESIGN  GRADE  (DPW) 

•  TOP  OF  ROUGH  GRADE   MARCH  1972
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FIGURE 20 

SUMMER TEST SIT E  ,  PLAN AND CENTRELINE PROFILE 
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NO TE S: 

 AS  INSTALLED   APRIL  1972  

 THERMOCOUPLE  POINT  NO.  =  SWITCH  POINT  NO.  

 ELEVATIONS  BASED  ON  L.W.L.  EAST  CHANNEL  AT  INUVIK  =  0.00'  

(APRIL  1954) 

 ORIGINAL  GROUND  SURFACE  APPROXIMATE  ONLY   INTERPOLATED 

FROM  DPW  SURVEYS  PRIOR  TO  CONSTRUCTION 

FIGURE  21 (a) 

WINTER  TEST  SITE,  CROSSSECTION  AND  THERMOCOUPLE 
LOCATIONS 
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(APRIL 1954) 

- ORIGINAL GROUND SURFACE APPROXIMATE ONLY - INTERPOLATED 
FROM DPW SURVEYS PRIOR TO CONSTRUCTION 

FIGURE  21  (b) 

WINTER  TEST  SITE,  CROSSSECTION  AND  THERMOCOUPLE 
LOCATIONS 
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WINTER  TEST  SITE,  CROSSSECTION  AND  THERMOCOUPLE 
LOCATIONS 
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FIGURE  21  (d) 

WINTER  TEST  SITE,  CROSSSECTION  AND  THERMOCOUPLE 
LOCATIONS 
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WINTER  TEST  SITE,  CROSSSECTION  AND  THERMOCOUPLE 
LOCATIONS 
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(APRIL  1954) 

1972  

NO.  =  SWITCH  POINT  NO.  

L.W.L.  EAST  CHANNEL  AT  INUVIK  =  0.00' 

ORIGINAL  GROUND  SURFACE  APPROXIMATE  ONLY   INTERPOLATED 

FROM  DPW  SURVEYS  PRIOR  TO  CONSTRUCTION 

FIGURE  22  (a) 

SUMMER  TEST  SIT E.  CR0 SSSEC TION  AND THE RM0 COLI PLE 
LOCATIONS 
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CONTROL  
STA.  393 +  87.0  

30  

5.
4. 
3. 

25   -----------...-
10 71
2·1

8
-

40  

ORIGINAL  GROUND  SURFACE  50 I
20UJ  60  

UJ 
u..  70  

.  eo 
Z 
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90  
APPROX.  DEPTH  OF  THAWI-

«   SEPT.  1972 
15 > 

UJ  100 
....J 
UJ 

10  
110  

5  
120  

CA BLE  6  

0 
30  20  10   ｾ  

APPROX.  GROUND  

URFACE  SEPT.  1972  

10_9 
.e 

6. 7 .-
10  
20  \ 

__Ｓ ｾ  _  ＭｾＰＢＢＺＢＧＱＱｉｬＺＺＺＺ｟ＭＮＮＬ  

40  
0
O 2

3  
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06 

o 7 

o e
90  

09 

100  

010 

110  

011 

120  

o  12  

7 8  

10 20  30  

DI STANCE,  FEET 

NOTES: 

 AS  INSTALLED   SEPT.  1972  

 THERMOCOUPLE  POINT  NO.  =  SWITCH  POINT  NO. 

 ELEVATIONS  BASED  ON  L.W.L.  EAST  CHANNEL  AT  INUVIK  =  0.00' 

(APRIL  1954) 

 ORIGINAL  GROUND  SURFACE  APPROXIMATE  ONLY   INTERPOLATED 

FROM  DPW  SURVEYS  PRIOR  TO  CONSTRUCTION 

FIGURE  22 (b) 

SUMMER  TEST  SITE,  CROSSSECTION  AND  THERMOCOUPLE 
LOCATIONS 
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TRANSITION   4.5 11 INSULATION/CONTROL 
STA.  394  +  5030 

25  fUZZUZZZ?iW@??2di22UOUUWWQ'2WZQWI 

10  10 
20 20 ｾ  - - - - -,°"'48- - - - 
4050,60 ....  T 

ORIGINAL  GROUND  SURFACE  50  70  APPROX.  GROUND
Lr.I 

20Lr.I  60  80, SURFACE  SE PT.  1972 
u.. 

70 90  " 
Z
- 8010  APPROX.  DEPTH  OF 

o THAW  SEPT.  19720 

.... 90  110 
< 
> 15Lr.I .... 
Lr.I  100  Ｑ Ｒ Ｐ ｾ ａ  BLE  15 - 394 +  50 

(ALSO  ON  Cf) 

CA BLE  4 - 394 +  55 

5 -3..... ｾ  
10 

110 

5 
120 

30 20 10 t 10 20 30 

DISTANCE,  FEET 

NOTES: 

 AS  INSTAllED   SEPT.  1972 
THERMOCOUPLE  POINT  NO.  =  SWITCH  POINT  NO. 
ElEVATIONS  BASED  ON  L.W.L.  EAST  CHANNEL  AT  INUVIK  =  0.00' 
(APRIL  1954) 

ORIGINAL  GROUND  SURFACE  APPROXIMATE  ONLY   INTERPOLATED 
FROM  DPW  SURVEYS  PR 10 R  TO  CO N STRUCT 10 N 

FIGURE  22  (c) 

SUMMER  TEST  SITE,  CROSSSECTION  AND  THERMOCOUPLE 
LOCATIONS 
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4.5"  INSULATION 
STA.  395  +  12.5 

30 

ORIGINAL  GROUND  SURFACE 

5. .10 
4. .9 

･ｺｺｺｚｚｚｚｚｚｚｚＲ＿ｚｚｚｚ＿＿ｚ＿ｚ［ｚｾｾ＿ｚｚｚｾ  8 ＱＲｾaap'0zz2zm
10 II  I 
20 0 __ ｏ Ｍ Ｍ ｟ ｏ ｾ Ｍ Ｍ
3 03 

40 - 1004 20ｓｕｒｆａｃｅｾ  
05 30 

I-
l.l.J  60 _40_06l.l.J 

5007 
APPROX.  DEPTH  0  F  60 

L.L.

.  ｔｈａｗｾＺ  
08Z 
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0 10

90 
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I 80 
« 

15>  90Ll.J  100
...J  100 
l.l.J 

100 

10 
110 

110 
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5 
120 

120 

CA BLE  1 2 
120 

3 

0 
30  20 10 {  10 20 30 

DI STANCE,  FEET 

NOTES: 

 AS  INSTALLED   SEPT.  1972  

 THERMOCOUPLE  POINT  NO.  =  SWITCH  POINT  NO.  

 ELEVATIONS  BASED  ON  L.W.L.  EAST  CHANNEL  AT  INUVIK  =  0.00'  
(APRIL  1954) 

 ORIGINAL  GROUND  SURFACE  APPROXIMATE  ONLY   INTERPOLATED 

FROM  DPW  SURVEYS  PRIOR  TO  CONSTRUCTION 

FIGURE  22(d) 

SUMMER  TEST  SITE,  CROSSSECTION  AND THERMOCOUPLE 
LOCATIONS 

_,-
...... 

, 

___--

25 



_._-

30 ..,._r__..........ＭＭＭｾＭＭ .........._r___,.....,  

DATUM   UNDI STURBED  AREA 
76 I  S.  OF (  AT STA.  393 + 78 

25 

20 

I-
l.LI 

•  CABLE  10  903l.LI  15 
LL. 

OCABLE  11 . 
Z 

0 

l-
e::( 

10> 
l.LI 

.I 
l.LI 

5 

o 

NO TE S: 

1004 

1105 

1206 

tPOINTS  7  TO 12 

AT  5'  INTERVALS 

A  DEPTH  OF  50' 

012 

SPACED 

TO 

01  STANCE,  FEET  

 AS  INSTALLED   SEPT.  1972 

 THERMOCOUPLE  POINT  NO.  =  SWITCH  POINT  NO. 

 ELEVATIONS  BASED  ON  L.W.L.  EAST  CHANNEL  AT  INUVIK  =  0.00' 
(APRIL  1954) 

 ORIGINAL  GROUND  SURFACE  APPROXIMATE  ONLY   INTERPOLATED 
FROM  DPW  SURVEYS 

FIGURE  22(e) 

SUMMER  TEST  SITE,  CROSSSECTION  AND  THERMOCOUPLE 
LOCATIONS 
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1.5"  INSULATION

1-- 
1 

｟｛ﾷＺＺ［Ｚｴ［ＮＭＺＺＺ［Ｍｾﾷ［ﾷ｟ｭ｟｛｝Ｔ  4 I 

Ｇｾｊｾ＼ｾＺＮ  __ ＺｗｾｾＺａｎｊ  
_ 

I I 
369+50 370+50 

(a)  PLAN  •  THERMOCOUPLES 

o  BOREHOLE   SAMPLED 

(b)  CROSSSECTIONS  (  AS  CONSTRUCTED  APRIL  1972)

I I  I  I  I  I  I  I  I 
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20 
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STA. 370 + 25 

1 
3B 

3A 
_____ Ｍ Ｍ ｾ ｓ ｎ ｾ Ｍ Ｍ ｟ Ｍ

STA. 370 + 00 

ｾＯｬ  15"L ," 4. INSULA TlOｾ  

/ Ｍｾｓｎｏｗ  \ 

ＭＭＭＭＭＭＭＭＭＭＭＭＭｾ｟ＭＭＭＭＭＭ

STA. 369 + 75 

1 B 

lA 
_____ SNOW 

I I I I 
20 10 ｾ  10 20 

DI STANCE, FEET 

FIGURE 23 

POLYGON TEST SITE, PLAN AND CROSS-SECTIONS 



ｾ  PIPE  PLUG  WELDED  ON  TOP 

..... 3  1/2', 

3/8" 

I GRO 

",  ". 

'. 

 ..  CA S I 

---. 

r 
3/8"

V 1  1/4"
ｾ  

I  1 1/4"

I 
BAC KＮｾ  

SA  N D 

__lV PIPE 
I 

DIA  STEEL  PIPE  

UND  SURFACE  (AS  AT  16/4/72)  

1 .33' 

ｾ  

NG   1"  DIA  GALV  STEEL  PIPE 

15' 

DIA  DRILL  HOLE 

PIPE  COUPLING  WELDED  TO24.5 I 

PIPE1 .7' 

DIA  GALV  STEEL  PIPE 

1 0'  FILL   WELL  TAMPED  MOIST 

PLUG  WELDED  IN  BOTTOM 
II 

B.M.  INSTALLED  40'  RIGHT  (SOUTH)  OF  <l  AT  STA.  389+63 

FIGURE  24 

BENCH  MARK  DETAILS 
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CABLE  No.1
l - ----- 0- 11i1-

ｾ  CAB L E  No.  120 
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(  PROBE  "Q"  \  
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\MAPPROXIMATE 
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CABLE  No.20  I I 
I

ICABLE  No.  12  0  

(1112)   J 
STA.386+  +60  +62  +64  +66  +68  +70 
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1 2 
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I
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(b)  SECTION  AA  PROBES  INSTALLED  17973 

STA.  386+66.5 

FIGURE  25 

LOCATION  OF  THERMAL  CONDUCTIVITY  PROBES 
3.5"  INSULATED  SECTIONWINTER  TEST  SITE 

0 
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(b)  SECTION  AA  PROBES  INSTALLED  18973 

STA.  387+90 

FIGURE  26 

LOCATION  OF  THERMAL  CONDUCTIVITY  PROBES 
CONTROL  SECTION   WINTER  TEST  SITE 
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INSULATED ROAD STUDY 
/ 

MACKENZIE HIGHWAY  

INUVIK, N.W.T.  

APPENDIX I 

EXPLORATORY BOREHOLE LOGS AND 

SOIL TEST RESULTS 

a. DPW HOLES 

b. MVPRL/NRC HOLES 
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TESTiNG  LAB.  DE\/.  ENGiNEERING  BRANCH.  DEPT.  OF  PUBLIC  WORKS,  onAWA, ONTARIO. BANFF. ALBERTA, 

• - - - ｾ  S ',.;>: I1"G I TECHo'l;iClAN , ffiOJECT, STATION . HOLE NO....... 1 t; Ur Ｎ ｾ Ｎ  f, I... • 

M'I,i<">-1 1<:)72.: Inuv.U{, Test Section 1 & 2 

,:E:;T,FY";G \.. PHYSCAl PROPERTIES ESTlMll,TED SOILS 

ＺｾｆｃｒｲＺＧ［Ｇｔ  ON 
ｾ  PRQCTOfl CLASSIFICATION ' 

CONS LlMlTS MECHANiCAL ANALYSIS ｃｏｾＱｐａｃｔｉｏｎ  

ｾ  
SOIL OE5mPTiON. W 

"'5_..ｾＴＰ  1#200 
n.)( a 0 

W .'!'--  Ｍｾ  SILT CLAY Gs OPT. I w
MAX, ::Jw ｾ  

ｌ ｾ ｂ  No 
ｾ  

DE?TH ｾ ｾ  
Vl 

010 0/0 0/0 % PASSING SIEVE, 0/0 °/0 DENS, MOIST 
« ;::: (.? « 

IE- ILE n.1 Brolm - Fill 

P-906 1 0-2 Sand - pebbles 22.8 :l.P. 93 90 68 19 Ice f ..om' , 11 1 

SoiA" - -- -._- _._._

11907 2 2-4 
Grey - Sandy ailty clay 

D.9.8 99 98 88 Thick ice frc m 8
'-9 'some org. material 22.9 45.0 25.2 00c:.,, - - -

Grey-brown 
b..oo 98 90 Ice 1 ｾｮＮｳ･  at 15

'11908 3 lr6 Silty clay C.l 33.4 -
-' 

?-own " 
lOO'11909 .s 6-8 Silty clay Co\ 4J.0 - 99 96 . 

-_. - - - -.--- - - -1
" 

Brown - Silty clay 

,11910 5 8-10 ETee water C.l 81.0 - 1:1.00 98 93 ｾ  

---I-- - -- -_. "--- .. ｟Ｍｾ  --- -_. .  -- _. - -. - ----_. ---._.
I Grey 

iU911 6 10-12 Sandy Silty clay 34.3 100 95 78 , 
C,I - • i 

1--- ._ ----. - -- _.- - - ' --.-. ., . . ｾ  -. ---. -
I Grey 

ｌ Ｑ ｊ Ｎ ｾ  7 12.-14 .?andy silty clay Col 13.5 99 99 94 84 
ｾ  - - - --- --- Ｍ Ｍ Ｍ ｾ Ｍ Ｍ .-- ｾ Ｍ Ｇ  

.-. ---- ----, Ｎ ｟ Ｎ ｟ ｾ Ｍ Ｍ -

Grey 
16.3 100 97 8911913 8 14-16 Sandy silty clay C.l 41.2 37.3 21.0 

-'------- .. _----- ,-- --- --. Ｍ Ｍ ｾ Ｍ
--, --- - -- _._----- --' .. _-  --_. ._. ---- -

, If lLE ｾＲＱ  Brown - Fill - pebbles 

nQl1, 'I. 0-2 
Silty S'lndy - org. material 

55.9 N.P. 94 91 70 31 
fj" ｾ Ｎ  -

I 

Brown - Fill N.P to 

11915 2 2-4 Pebbles - silty sand some c;"la,: 40.6 Loll p.i. 93 92 70 35 
- Cc. - -
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ｾｾＷ  
ｾＬＭ - - - -

Brown - ailty olay 
I 
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\)oJ 

4 6-8 Free wat.er 
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TESTING  LAB.  DEV.  ENGINEERING  BRANCH,  DEPT.  OF  PUBLIC  WORKS.  OTTAWA,  ONTARIO.  BANFF,  ALBERTA 

TECHNICIAN .  PROJECT.  STATION.• ; E 0F SAI.'P\..I!';G. HOLE  NO. 

Inuvik Test SectiQO 2 &  3ｴＭｾ  ,  h  I'lTL 
ESTIMATED  SOILSPHYSCAL  PROPERTIES.lOenlFYlr/G 

Pf'OCTOR  CLASSIFICATION. 
ＧｎｆｏｒｾﾷｴＮｔｉｏｎ  CONS  LIMITS.  MECHANICAL  ANALYSIS  ｣ｯＺＮＧｐＮｬＮｃｔｉｏｾ  
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1--

12' 

11919 6 lD-l2 
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TESTING  LAB.  DEV.  ENGINEERING  BRANCH,  DEPT.  OF  PUBLIC  WORKS.  onAWA,  ONTARIO.  BANFF,  ALBERTA. 

STATION.  HOLE  NO:':'TE  OF  SMIPLING  TECHNICIAN .  PROJECT 

3 &  4ｬＭＧｕＮｾ  ｜ｾＷｌ  Inuvik Test Section 

ESTIMATED  SOILSPHYSCAL  PROPERTIESIDE ｾ  JTIF YiNG 
PROCTOR  CLASSIFICATION. 

ｾｉｆｏｒｾｾａｔｩｏｎＮ  MECHANICAL  ANALYSISCONS  LIMITS.  CO/>,'PACTION 
0SOIL  DESCRIPTION.  W D.-)( 

.X7 
ｦ ｾ  "'4 -#10 OPT.  ::>wIII 40 IN" 200 Gs MAX.w  SILT  Q.AY  1ft,!!-pL:.a. No. DEPTH. <l
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Grey 
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1--
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90100 9743.3_ _ .•.. .1.ll9.15. ｾｾ｡ｺ  Col 

ｾ Ｎ Ｍ Ｍ ＭL4±. f-----.--. -
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55

1
 13 1100 9828.319.974.2 48.2ｾＱＰ  free water:U.137 5 __ ..C..L -- -_. . +--I---

Grey 
100 959910-12 Silty clay - free 'Water ｾｉ  11-11.9611938 
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96 90100 997 62..211939 12-14 ﾧ ｾ ｾ ｣ ｬ ｡ ｹ  - free 'Water c=A 

Grey - sandy silty clay 
8597 9416.2 20.3 9936.524.314-16 shale chips8ll94° 

--- <:1 
1 -- f---
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TESTING  LAB.  DEY.  ENGINEERING  BRANCH,  DEPT.  OF  PU8l1C  WORKS.  onAWA,  ONTARIO.  BANFF,  ALBERTA. 

:':'TE OF  ｓａｾｉ＿ｾｉｎｇ  TEClf"lC:t.N .  PROJECT  STATION.  HOLE 

ｾｾｃｽＮ｜  1"112 Inuvik Test Sect1.on 4 & 5 

ICE'JTtFYlr;G '\. PHYSCAL PROPERTIES ESTIMATED 

INFOR,,'A'Ti'JN 
, pROemR

CONS LIMITS. ｍ ｅ ｃ ｈ ｾ ｎ ｉ ｃ ａ ｌ  ANALYSIS ｃｏｲＮ［ｐｾｃＷＧｉｏｎ  

ｾ  
SOIL DESCRPT ION • W 

IIf _4_1:- ｟ｉｾ  40 IN 200 
0-)(

W _w,!-_ --'1" SILT CLAY Gs MAX. OPT. :;)w 

ｾ ｾ Ｙ Ｎ  Nc. ｾ  
DEPTH. ＦＡｾ010 010 010 010 PA.SSING SIEVE. 010 010 DENS. vcsr:r. <:)

! Grey - sandy silty clay; ,
11942 10 ｬＸＭｾｏ  shale chips ｾ Ｑ Ｎ  13.2 95 et 75 64 

-- ｾ  - - - -- - - ._

\HO ,E ｾ  51 
Br ovn Fill 

19943 1 0-2 clavev sand som; sandstone ss. 77.2 Ｑ Ｒ ｾ  az,s n:» g8 g6 7q 38 
Brow - sandy s1lty clay 

11944 2 2-4 or'g , mat. & some sandstone CI 45.5 42.2 19.7 22.5 9'7 9'7 91 67 
-- -, 

Brow 

11945 3 4-6 Sill;y clay C' 41.6 46.7 20.4 26.3 99 99 98 92 . 
- - I-- - -

Bro\oln 
l1gl..6 s: 6-8 ｾｾ｣ｬ｡ｙ  eo, ＴＷｌｾ  -- --- - -- :)"QQ ｟Ｒｾ｟  31 Jce_l ｾ ｮ ｾ  ｾ __------ f-- --

Grey 

,1l947 5 8-10 ailty clay - free 'Water c:.l 85.6 100 99 98 5' - 2' 
- .-'.-1-- - .------ -- - - -- - -_. -- --.

Grey - ailty clay .' 

11948 6 10-12 free \later e, 69.7 100 9'7 92 Thi.ck ice at 
-

I Grey

Inw ci ｾ  ｓ ｩ ｊ Ｎ ｴ ｌ ･ ｾ ｯ ｬ ｡ ｹ  ｾ  Zl ..8 32.1 l6.4 ｾ ｟ Ｎ  .-9.a -9:L .nz. .si.. --' 1---_. - ---. - --

Gray 

11950 8 14-16 silty clay <" 35.0 45.1 ).7.6 ｾ Ｎ Ｕ  100 97 92 

Grey 
11951 9 16-18 silty sandy clay <:'1 33.5 100 96 88 

ＭＭＭｾＭＭ - f-- --- -----. - - --- '

... - ｾ Ｍ -------- ｾ  
I 

NO. 

SOILS 
CLASSIFICATION. 

00 
"JＮ ｾ  ;;: 

q 
q 5 

---1 
I 

i 
4 

I 
--1 

I 
I 
I---- ----. 

! 
tr ｰｾＭ .----1 

j 

9' 
ＭＭｾ  

I 

-

-1

-
I 

0' 

I i 
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TESTING  LAB.  DEV.  ENGINEERING  BRANCH,  DEPT.  OF  PUBLIC  WORKS.  onAWA,.  ONTARIO.  BANFF,  ALBERTA. 

O':'T<:  OF  ｾｲｾｉｎｇ  

ｾＧ｜ＬｾｩｌｮＮｬ  VH2.. 

TECHNICIAN.  PROJECT. 

Inuvik Test Section 
STATION.  HOLE 

6 &  7 
NO. 

IDENTIFYING 

INFORr.'ATION. 

s 
Ll.B.  No. 

ｾ  
DEPTH. 

SOil  ｄ ｅ ｾ ｐ ｔ ｉ ｏ ｎ Ｎ  W 

0/0 

CONS 

W, 

0/0 

LIMITS. 

ｾＭ I. 

0/0 

PHYSCAL  PROPERTIES. 

MECHAr>.:ICAL  ANALYSIS 

If 40 IH 200"'4 #10 SILT 

0/0 PASSING  StEVE.  0/0 

CLAY 

0/0 

G. 

ESTIMATED  SOILS 
PROCTOR  CLASSIFICATION. 

COr.:P).CTION  Q.x 0 
MAX.  OPT  ｾｷ  •  :I: 

:?o rJ') 

DENS.  V.0lST 
<[ 

Cl 
Z  <[ 

°1
ｾｩ  
u, 

ｾ  

｜ ｾ  f,.L1l Ga\ 
11952 1 ()...2 

Brown - mixture of sand and 
clay - free  Yater   Fill  el..  47.8  27.6  15.7 1l.9  100 

_. 
99  92  60 

e- -

Brown 
U953  2  2:4  Siltr...sandy  org.  mat.  c::.,  40.4  100  99  95  Ice  1 snse 9  fr om 

Broyn   silty clay  51 
11954  3  46  source  org.  material  c:.1  41.3  100  99  97  4 t o bo "torr  of 

Broyu  .;Ll955  4  68  silty clay  free  Yater  ｾ ｉ Ｎ ｃ ｾ  66.1  54.8  24.5  .30.3  100  99  Hole. 

Grey  £0  c.'.  c.", 

11956  5  810  ailty  clay  ｾ  free  Yate  58.6  100  100
.•_  I     _._-

Grey  eol 
11957  _6  1()...12  silty clay  small  shale  chip  54.4  100  98  90 

._
i 

Ｍｾ       - '1 
Grey  .' 

U2.5.8..  '2.,  .l.2::Ut.. .S1l_ll clay  c.,  L..OA'i  ｾ  19_1  26.L.. 100  Ｍｾｾ  ｾｾＭ 90    .   .Ｍ Ｍ ｟ Ｎ ｾ ｟ Ｎ  Ｍ ｾ  

Grey  
11959  8  1416  Silty clay  c" 4h.4 100  99  97 92  

      _. ._ .   -_. -

\m I.E 71  Brovn   free  Yater   ailty C.L 

11960  1  ()...2  sondy  clay & sandstone   Fill 

30.2  25.1  13.3  U.8  95  93  84  63 

t-
Brown   silty e1ay

'n961  ?  ?-L some  ora,  material  c:.1 25.9  100  99  96  Ice  1 ｾ :3 fr om • 
Brown  -61  5111962  3  46  silty clay  Cot(  29.8  100  99  98 

I 

Bro\ln  -.I -. 

11963  4  68  silty clay 
ｃ ｯ ｾ  

38.7  100  99  Thick  ice  frore 
I

-"- -
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TESTING LAB, DEY. ENGINEERING BRANCH, DEPT. OF PUBLIC WORKS. - onAWA, ONTARIO. BANFF, ALBERTA. 

CloT E OF  SAI.R..I'JG TECHNICIAN .  PROJECT.  ｓｔａｔｬｏｾ  .  HOLE  NO 

Inuvik Test Seotion 7 &  gｾＬＩＮｕＭＧＢ  ＱｾＷＲＭ

ESTIMATEDPHYSCAL  PROPERTIES  SOILSIOENTlFY:NG 
PROCTOR  CLASSIFICATION.

r;FCRI.'AT,ON.  CONS  LIMITS.  MECHANICAL  ANALYSIS  ｃｏｾｬｐｉｉｃｔｩｏｎ
SOIL  ｏｅｾｔｉｏｎＮ  W 00..ｾ  X 

.:I:#1 10 \... 40 IN 200W "'4 MAX .. OPT.SILT  CLAY  G. =>wｾｐＭ ｾLAB.  No  DEPTH. li?oz 
In 
<l

0/0 0/0 PASSMi  SIEVE.  0/00/0 0/0 DENS. MOIST%  <lClｾ  

Inrown 
12 1 1008-10 99 14'53.0 23.011964 silty clay c,,\-C.\l ｾｏＮｏ5 ｾ ｏ Ｎ ｏ  

Grey 
lOO 9948.3silty clay c,,1- c.t4ＱｾＱＲ11965 6 

Grey 
loo 99 979983.412-14 silty clay - free water Ct11966 7 

f---- -

Grey .98100 959946.7silty clay c:.l14-16.U9Q7  -ｾ  
Brown - silty clay'lID]LE#  8' 100 9874.9org. mat. - free water0-211968 1 _ .. -_. -_. --- _._-._.c:.'" 1- ---I-- 1---'-
Brown Col 

Ice 1snsesf'! am100 9925.6 25.343.5 50.9!3Ull.9ID - o:rg. material _ .....2. .-.2:::l....ll969 ..-- .. --_. ."----- .

Ill'own c,,'-C.M .' appro Xime p.;.91;} 2' - 1 
,

100+.0066.2silty clay - free water4-611970 3 C--'-- f-- -- ｾ Ｍ Ｍ I--

Grey 
100 9874.5ｾ｡ＮＮ  ....a1l.t.y cl!!y"'::""free water c:.\ 

-- --_. .ll9'll ...J.. -- '-- -- -- ｾ Ｍ Ｍ  .--

Grey 
100 9599 9769.3$-10 silty clay - free water11972 5 Co' 

I-- I---- --

Gray 
100 99 9747.6ＱｾＱＲ  silty clay c.,11973 6 

r--

Grey 
100 91 -99 9536.711974 7 12-14 silty clay c.r . '-___ I 

ex>Grey 
100 99 9747.011975 8 14-16 silty clay c:.' ;I.. 

0 
w 
i:L 

ｾ  

I 
I 

i 
..

f--...i 

-. 
j 

I 



TESTING  LAB.  DEV.  ENGINEERING  BRANCH,  DEPT.  OF  PUBLIC  WORKS.  (fITAWA,  ONTARIO.  BANFF,  ALBERTA. 

DATE  OF  SM'PLING.  ｔ ｅ ｾ ｉ ｃ Ｑ ａ ｎ Ｎ  STATION.  HOLE  NO.ｾ ｊ ｅ ｃ ｔ Ｎ  

Inuv1k. Test Sectionｍｾ  lCll).. 

!OENTIFYI/IIG  PHYSCAL  f'ROPERTIES.  ESTIMATED  SOILS 

INFORMATION.  CONS  LIMITS.  ｍ ｅ ｾ ａ ｎ ｉ ｃ ａ ｌ  ANALYSIS. 
PROCTOR  CLASSIFICATION . , 

:l! 
SOtL  DESCRIPTION. W 

COMPACTiON 

ｾｾ  
o 0 

LAB. No. 
ｾ  

DEPTH. 
W Wp Ip "'4 1/1  10 "40 1#200 SILT  Q.AY  G. MAX. OPT. il;  ｾｉ  

o/a % °/0 °/0 !'ASSN>  SIEVE.  % 0/0 DENS. ｾ  <
<  s 

\HO  E 9. Brown - Fill 

.usz rl.  0-2 
Sand & sandStOne 

Sf'. 
24.4 N P. 92 88 71 28 

Brown(free ｷ ｡ ｴ ･ ｲ ｾ  : 
11977 2 2-4 clayey sand - org. mat. 

some sandstone ｾ ｾ  92.2 ｢ Ｕ ｾ Ｓ  19.1 5.9 97 96 88 54 Sno 1cyeT (i) 2,,' , 

Brown 
1197 3 4-6 Sandy silty clay 35.9 99 99 97 Ｘｾ  Ice 1e se from

Col 

Brown 

1197 ' 4 6-8 
Silty c1ay 31.7  100 98 9:i 7' o I ot1 om 

c..1  ｾ  

Brown 

1198( 5 8-10 Silty clay - some sand 
Ｑ Ｓ Ｕ Ｎ ｾ  ｾ Ｐ Ｎ Ｖ  17. i  22. ｾ  100 99 96 Ｘｾ  

of 011 
1=  ......  w"tp,. c:.' , 

-- - i
Grey 

1198 6 10-12 S11 t y'  clay :C\ 53.1 - 
Ｙｾ  

i 

 100 96 I  : 

lH l .t  ' !lAI Brown 

1198 1 0-2 Silty clay - org. mat. 35.5  - 100 Ｙｾ  .' 
CU 

Brown -

1198. 2 2-4 
S11 ty clay ｾ Ｙ Ｎ Ｑ  - - 100 99 : 

ｾＧＢ  
Brown 

ｾＰＮＷ  
! 

ＱＱＹＸｾ  3 4-6 Silty clay - free ｷ ｡ ｾ ･ ｊ  53.0 24.0 29.0 - - 100 99 
-. 

Brown 
1109 1 4 6-8 Silty clay - free water ｾ  52.1 100 99 97 95 

iｾｬ  

Grey l 

1198f 5 8-10 Silty clay 34 J 99 98 97 92 Ice 1e r ses from I 

Cot -
Grey 25 I  _ 

.- I 

1198 6 10-12 ｓ ｩ Ｑ ｴ ｹ ﾷ ｳ ｡ ｮ ｾ ｹ  clay ｃ ｌ Ｑ Ｙ Ｎ Ｗ Ｒ Ｕ Ｎ ｾ  13 . ｾ  11.4 99 94 81 62 0' ..0 
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TESTING  LAB.  DEv.  ENGINEERING  BRANCH,  DEPT.  OF  Plel.lC  WORKS.  OTTAWA,  ONTARIO.  BANFF,  ALBERTA. 

PROJECT.  STATION.TECHNIClAN •('lATE  OF  SAM'LNG.  HOLE  NO. 

ｾｎ  rl.h•..  ｾｔｌ  INUVIK   Test  Section 
ESTIMATED  SOILS 

PROCTOR 
PHYSCAL  PRQflERTiES . IOENTlFY::</G 

CLASSIFICATION. 
ｦｊｆｯｭｴＮｴＮｔｉｃｎｾ  MEOiANICAL  ANALYSIS.CONS.  LIMITS.  COMPACTION 

; 
ciSOIL  DESCflIPTION •  oW 

:r  ｾｉ#10  tIf 40  1*200"4  MAX.  OPT.W  ｷｾ  ｉｾ  SILT  CLAY  G.  11lO€PTH.LAB  ｎ ｯ ｾ  "' CI
0/0  0/0  Fl\SSING  SIEVE  ｾ  0/0  0/0  DENS.  ｾ  ｾｾ%  %  CI  s 

'':1#\HU  .t  Grey 
Mixture  of  shale+sand+ 

]  10.1  94  81  54  30  

Grey  .  

11988  ＱＲＭＱｾ  C  ay  ｃｾ  

13.  98  89  65  37141111989  8  ｾｾＪｾｵｲ･  of  ｳ ｨ ｡ ｬ ･ Ｋ ｳ ｡ ｮ ､ Ｋ ｾ   

Grey  
ｾ  1ｾ ｾ  ureo f  s hal e+san d+CL   q 711990  9  ｾＶＭＱＸ  1;1  4 110  7＿ｾ  95  84  5f  34  
Grey   , 

ｾｬｾｾｯｲ･  of  ｳ ｨ ｡ ｬ ･ Ｋ ｳ ｡ ｮ ､ Ｋ ｾ ｾ  9.0  ｾ10hA?Oi iss  6 1  4295  84 

J
I.v.Ir  Brown 

11992  33 .1  48.C 27.1 20.9  10C  96 

tlrown 
1199,)  2  24 

1  02  Org.  mat.   sil ty  ｣ ｬ ｡ ｾ Ｑ   

ｾ ｾ Ｖ Ｕ Ｇ ･ ｾ ｡ ｮ ､ ｹ  clay  I33.1 15.7 17.4  93  74  62'7.3  86'Co' 
ｾｲｯｷｮ  

Pebbles11994  3  ｾＭＶ  Sandy  s i  l t v  clay  Co\  tn.3  95  89  81  70  
Grey  

Ｑ Ｑ Ｙ Ｙ ｾ  4  68  ｾ ･ ｾ ﾥ ｬ ･ ｳ  Ｖｾ1  :y  sandy  clay  C'- 5.7  24. '1  ＱＲＮｾ  4911.4  97  88 

ｾ ｾ ｧ ｴ ｬ ･ ｳ  
1199f  5  810  Clayey  silty  sand  Cl.  3.1  93  84  6E  44  Thin  ice  1enses 

ｇ ｲ ･ ｾ  25,Peb  1es  8'from  1199/  Ｖ ｾ Ｐ Ｍ Ｑ Ｒ  Clayey  sand  Sc  2.2  91  80  5!  28  
Grey  

PTbbles 
I11998  ＷｾＲＭＱＴ  C ayev  sand  ｾ ｣ Ｎ  9.8  17.8 11.8  6.0  88  75  5  26 

....... 
ｾｲ･ｴ  aMix  ore  of .shale  &  clay  0.5  92  81  Ｖｾ  4811999  ＸｾＴＭＱＶ  __  _  c.,- 1  .__._-ＮｾＭ



TESTING  LAB.  DE\/,  ENGINEERING  BRANCH,  DEPT.  OF  PUBLIC  WORKS.  OTTAWA,  ONTARIO.  BANFF,  ALBERTA. 

DATE  Of"  SAMPLIIlG.  TEOWICIAN •  PRO.JECT. STATION.  HOLE NO. 

I  HAACl-l ｜ｾＬ  2 INUVIK - Test Section . , 
IDENTIFYING PHYSCAL. PROPERTIES. ESTIMATED SOILS 

INf"ORMATION. ｾＧｓ  LIMITS. MEOiANICAL ANALYSIS. 
PROCTOR CLASSlF"ICATION . 

COMPACTION 

4\! 
SOll. DESCRIPTION • W 

//1 10 T* 40 1#200 ｾ ｩ  
o Ci 

W, W,. I. "4 SILT Q.AY G. MAX. oPT. :r !!I I 

LAB. No. 
ｾ  

DEPTH. III ... 
0/0 % % % AD.SSNG SIEVE . 0/0 % DENS. IMotsr 0« 

ｾ0« 

HO J.E UO Grey 

12000 9 ｾＶＭＱＸ  
Mixture of clay & ｳｨｾ｜･  8.1 84 71 56 39 
brey -

12001 10 ｾＸＭＲＰ  
Mixture of clay &shale 0.9 28.8 13.Q 14.9 95 89 78 63

ｾｌＮ  
ilHC LE srn Brown 

12002 1 0-2 
Silty clay - org. matet 55.1 - - 100 99 

BrowniSh grey 

1200.:l 4 6-8 
Silty clay 2.2 - - - 100 Ice len ses from 

ｾｉ  
, 

｢ｲｾｹ  .. 

12004 5 8-10 Si lty clay 
49. ' 

45' - 12'
Free water GI 59.8 14. 34.4 - laO 99 99 

1200! 
Grey 

67.2ｾ  10-12 Silty' clay Ct 
99 99 98 96 I 

Grey 
. 

1200E 7 12-14 
S11ty c l ay 

CI 19.9 100 99 98 95 

Grey 
')6.7 I1200, 8 14-16 

Sandy silty clay 
Col 

35.8 15. I 18.1 99 95 87 77 
I 

Grey 

1200S 9 16-18 Pebbles 
ｾ ｡ ｮ ､ ｶ  silty clay C.I ')6 1 94 91 87 82 

tHO E #121 Brown 

1200 c 1 0-2 
Silty clay - org. mat. 40.4 51.2 25.f 25.4 - - 100 98 

ｃＺｾ  

Brown. -
1201C 2 2-4 Silty cl ay 

CloI 
42.3 - - 100 100 Ice 1e r ses from I 

Brown 
..... 
t-' 

1201 3 4-6 Silty clay' 41.6 - - - 100 3 - 17' 
_.. . ｟ｾ｜Ｍ ｃｯｾ  _ -- ---



- 

--- - --

TESTING LAB. DEv.  ENGINEERING BRANCH, DEPT. OF PUBLIC WORKS. - (jITAWA, ONTARIO. BANFF, ALBERTA. 

DATE  OF  SAM'LING. 

Mil.{ ｣ Ｎ ｴ Ｍ Ｇ ｉ ｾ Ｑ  z.. 
IDENTIFYING 

INFCFWAT tON. 

ｾ  
DEPTH.LAB. No. 

ｾ  
IIhl  F 11 ? 

12012 4  6-8 

8-1012013 5 

0-1212014 6 

2-1412015 7 

4-1612016 8 

6-1812017 9. 
.. 

IH au: 'Tf3r Brown 

12018 1 J-2 

2-412019 2 

1202C 3 4-6 

41202 6-8 

8-101202:i 5 

1202' 6 10-12 
'---"-

ｔｾｉｃｬａｎＮ  

SOIL 

Brown 
Silty clay 

Grey
Silty clay 

Grey
Silty clay 

Grey
Sandy silty clay 

Grey
Silty clay 

Grey
Sandy·silty clay 

Silty c l ｾｹ  

Brown  
Silty clay  

Brown  
Silty clay  

Brown  
Silty clay  

Brown  
Silty clay  

Grey 
Silty clay'  

STATION.PROJECT. HOLE NO. 

INUVIK - Test Section 
ESTIMtl.TED SOilSPH'YSCAL PROPERTIES. 

PROCTOR CLASSIFICATION . 

X 0 
•CONS. lIMITS. ｾ ａ ｎ ｉ ｃ ａ ｌ  ANALYSIS. COMPACTION

O£SCRIPTION • W 0..
W, I, til" ,# 10 # 40 /*200 SILT O-.AY MAX. oPT.WL G. VIｧｾ  <I: 

ｾ  

0/0 0/00/0 0/0 PASSNG SIEVE. 0/0 0/0 O£NS. MOIST <I: il 
! 
i48. 9799 9899C\ 

I 
94100 989936.C-\ 

ｾ  

98100 100 10025.1 48. E18.9"9.9
Cl-C::U , 

99 8810028. 50.C 19.9 ｾ Ｐ Ｎ Ｑ  
｣ Ｎ Ｎ ｜ Ｍ ･ Ｎ ｾ  -

9910033. 45. I 18.1 '7.6  -e., 
:

40. ( 18.2?2.7 97 78849128. 
Ie.\ 

9810008. - -<:'1 
. -

wromIce  ens es 10034.    <:'14   c:. \ 

2 I  12'1DC  10036.  - -<:14   C. \ 

10047 j   50. c  19.1 31.5  -
c,\- c:. H 

100-ｾＶＮＲ  - c.\ ｟｣Ｎｾ  ｾｊ  
N 

93100  981?9.4  Col  I_._- .. . 



TESTING  LAB.  DEY.  ENGINEERING  BRANCH,  DEPT.  OF  PLeLIC  WORKS.  (JrTAWA,  ONTARIO.  BANFF,  ALBERTA. 

DATE  OF  s.wPL1NG.  TECtf'lIClAN •  PROJECT.  STATION.  HOLE  NO. 

ｾａｈＮｉＮｉＮ  \"lI' INUVIK - Test Section 
IOENTlF"YING PHYSCAL PROPERTIES . ESTIMATED SOILS 

INF'ORMATION. CONS. LIMITS. ｍ ｅ ｾ ａ ｎ ｉ ｃ ａ ｌ  ANALYSIS 
PROCTOR Q..ASSIFICATION . 

ｾＮ  SOIl. OEsallPTION. W 
COMPACTION. 

ｾｾ  
o 

ｾｉLAB. No. DEPT.... 
W ｷｾ  ｉｾ  "'4 41 10 If 40 1N200 SIlT <1.AY G, MAX. OPT. J: 

ｾ  
CIl 

% % 0/0 0/0 ｾｓｎｇ  SIEVE. 0/0 0/0 DENS. iMotsr cl: 
cl: 

HCl LE n3 

ｾ ｾ ｾ ｖ ｾ  ｾ ｾ Ｑ Ｕ ｾ  clay12024 
i 

7 2-14 CI ｾ Ｒ Ｎ Ｕ  98 92 81 72 
i 

: Grey . 

12025 8 14-16 
ｓ ｡ ｮ ｾ ｹ  silty clay 

CL. 8.0 96 90 85 59Shale chips 
Grey 

1202t 9 16-18 ｾ ｾ ｬ ｲ ｾ  ｾ ｒ ｾ ｾ ｾ  clay Cl 7.3 21.S 12.C 9.8 99 90 74 56 
Grey 

1202 10 18-20 ｾ ｾ ｾ ｾ Ａ  ｾ ｾ ｾ ｾ ｾ  clay el 4.8 95 89 80 65 ｾ  

(HC LE 1# 141 Brown , 

ＱＲＰＲｾ  1 0-2 
Silty clay 

Col ｾＰＮＶ  - - 100 99 , 

lrrown 

l202S 2 2-4 Silty clay 
175] 100 Ice 1er S es fromFree water ｾ ｉ  - - - I 

-

1Brown 
.i 203C 3 4-6 ｾ  i lty l. 1 ｡ｾ  5' - t I 

ree wate c:., 56.8 - - - 100 2 

Brown 

1203 4 6-8 
Silty clay 35.3 50.0 23.C 27.0 - - - 100 Thi k ce to 6' 

c.t 
Brown 

1203 5 8-10 Si 1ty clay 29.7 - - - 100 
C,.\ 

Grey 
1203 6 10-12 Silty clay Co, 31.2 - - - 100 

Grey 
. -

1203 7 12-14 Silty clay 
ｾ ｉ  

26.6 100 99 97 93 I i 
Grey 

43.0 -__ ｾ｟ＧＱ1203 8 14-H Silty' clay c:..1 31.2 18. 24. - 100 99 93 
. - --_.-'-" Ｍ Ｍ Ｍ Ｍ ｾ Ｍ Ｍ _._ ---- - -_ .. 



TESTING LAB. DEv. ENGINEERING  BRANCH.  DEPT.  OF  PUBLIC  WORKS.  (JITAWA, ONTARIO. BANFF, ALBERTA. 

DATE OF SANi'L1NG. TECHIlIClAN • PROJECT STATION. HOLE NO. i 

ｾ  ｈＧ＼ＧｃｾＭ ＬｾＢＢＡＭ］Ｍ INUVIK - Test Section 

IOENTIFY;f\IG PHYSCAL PROPERTIES. ESTIMATED SOILS 

ｎＡＧＢｯ［ｷＮｴＮＷｾＮ  CONS LIMITS. MEQ-lANICAL ANALYSIS. 
PROCTOR O-ASSlFICATION . 

COMPACTION 

ｾ  
SOIL DESCRIPTION. W 

.... 10 til 40 1#200 

ｾ ｾ  
0 0 

WL W. I. "'4 SILT O-AY G. MAX. OPT. ｾ  
w 

LAS. No. DEPTH. 
c 

% 0/0 0/0 % PASSING SIEVE. 0/0 0/0 DENS. MOIST 
« s« 

IHO ｾｅ  " 151 Brown 
12936 1 0-2 Silty clay C:t ｾｏＮ  3 - - - 100 

- .

Brown Ice 1en from 
12037 2 2-4 Silty clay 2.8 - - - 100 IS es 

el 
Brown 31 

I _ 65' 
1203e 3 4-6 S11 ty clay C.\ ｾ Ｗ Ｎ Ｘ  - - 100 99 

, 

Brown 
22.0 Thi I !c e 1lenses

1203 c 4 6-8 Si 1ty clay Col 
33.5 49.1 27.1 - - - 100 

1204C 
Grey 

ｾｮＮ  4 100 bot5 8-10 Si 1ty clay ｣ Ｎ ｾ Ｍ Col - - - to ton: of 

Grey 
21. C35.7 100 , I p04 6 10 -12 S11ty' clay c.\l ｾ Ｘ Ｎ Ｓ  6.7 - - - he 1e 

.. f--

Grey 
ｾＳＮＳ  100 99

ＱＲＰＴｾ  7 12-14 Silty clay c'1 Ｍ｣Ｌｾ  
.. -

-
Grey 

ｾＷＮＲ  21.1 100 99 92 781204; 8 14-16 Sandy silty clay e., 32.7 16. 

Grey 
145.8 99 98 9 t 

12041 9 is-rs Silty clay C\ 100 

18-20 
Grey 

ｾＱＮ  3 23.C 18.3 98 93 Ｘｾ  
i 

1204 10 Sandy silty clay 1:.1 34.2 100 : 

UlOTI TIOl Brown 
100 Ｙｾ  -

Silty clay C:I 
25.1 - -

1204 1 0-2 I-Brown .1::0 

1204 2 2-4 Silty clay' - org. maLel 39.2 ｾ Ｗ Ｎ Ｑ  26.c 21. - - - IDe Ice le se from 
ＭｾＬＭＭＭＭＭＭＭＭ ＭｾＭ - -- -_. - . Ｍ｟ＮｾＭ ｾＭＭＭＧ  ..  ... _ .. _-- _. - . - - I I 



TESTING  LAB.  DEV.  ENGINEERING  BRANCH.  DEPT.  OF  PUBLIC  WORKS.  OTTAWA.  ONTARIO.  BANFF,  ALBERTA. 

IDATE  OF  SAMPLING  TECHNICIAN.  PROJECT.  STATION.  HOLE  NO. 
, 

I  .  MAI2C\-I. ｾＷＧ  INUVIK - Test Section 

IDENTIFYING  PHYSCAL  PROPERTIES  ESTIMATED 
PROCTOR 

SOILS 
CLASSlFICATION . 

INFORMATiON. 

£ 
LAB.  No. 

ｾ  
DEPTH. 

SOIL  DESCR\PTION.  W 

% 

CONS 

w 
% 

LIMITS. 

W,. I. 

0/0 

ME01ANICAL  ANALYSIS. 

"'4 # 10  # 40 1#200 SILT 

% ｾｓｓｎｩ  SIEVE.  0/0 

CLAY 

% 
Ga 

COMPACTION  n.x
MAX. OPT. 

ｧｾDENS. ｾｏｉｓｔ  

0 

Ｎｾ  
<l 
<l 

ci 
w 
iL 

s 
HO 

12048 

E 

3 

/116 

4-6 
Brown 
Silty clay ｾ ｬ  49.2 49.8 21.7 '8.1 - - - 100 3 I  85 

12049 4 6-8 
Brown 
Si lty clay C.l 39. - 100 98 97 Thir ic ｾ  1 nses 

12050 5 8-10 

urey
Sandy silty clay 
P"hhl ,,<: Col 21 Q7 Q? 75 62 

fror 11 
I  _  18' 

12051 6 0-12 
Grey
Silty sandy clay 

Gl.
17. 25. t 13.2 12,( 99 97 74 53 

ｾ  

12052 7 2-14 
12rey 
Sandy silty clay 

t:.l 35. 35.f 16.5 19. - 100 90 74 

12053 8 4-16 
Grey
Sandy silty clay 

:eo\ 
24. - 100 96 85 I 

12054 9 6-18 

Grey
Silty ... lay 

c:..l 
7.0 43. ')5.318.0 - 100 99 96 

1205510 8-20 
Grey
Sandy silty clay c:.., 5.9 35. ?0.115.0 98 90 77 68 

- -I 
- .. 

I 

1--' 
V1 

" 

. __ Ｎｾ  ._- _. 
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1 

HOLE  NO •  .Dl  LOC.ATlO"':  2.,7' L.  01  et.. "7A.,  0,,<:)4- +  g<o DEPTH:  Z 5'.0' 

ELeVATION  OF  GROUND  SURf"ACE  (ZERO  DEPTH):  ｒ ｯ ａ Ｎ ﾰ ｾ  
---'---'-----'-...:..:....=-------

REMARKS: 

Lo<::, 

ｃＹｾ  ｾ  

o -

'I'  (TILL) 

"".:.OSO  % 1=. 

ｾ Ｇ ｬ ｜ ｚ Ｎ ｏ ｯ ｊ ｔ Ｌ Ｎ Ｑ Ｎ Ｑ Ｍ ｜ ｃ ｾ  w:::...,....,.. ..... ...=.. ...... ｜ｾｦＧｏ   

2.0 -

'/'0°- t-: 

ＶｒＭＢＧＭｾＯ  5,,, .. 1:>"7' "SILl  I  ｌｉＧｩｾ  

C1.-It.o't !  ｯｃｃｰＮＬＬｾｵＺ｡  ... ａ ｾ  ｾ Ｂ Ｑ ｑ Ｂ Ｂ Ｂ Ｇ ｾ Ｉ  

BQ0,",-/M o Q..G. A  t.....\  \c.  ｾ｜ｌＮＱ  

f l2A..... ｜ＬＮＮｏ｜Ｎｾ  '1"0" lC":;: ｫｬＮＮｊＮＢＧＭＺｯＮｾｾ  ｾ  ｃ･ＬＨｓｔＴＱＮＮｾ  

f"'-J \  so  ｾＯｯ  ｋｾ  E'( VOl-l..J't-'t.,z 

SOIL  MECHANICS  LABORATORY  I 
DIVISION  OF  BUILDING  RESEARCH 
NATIONAL  RESEA RCH  COUNCI L 
OTTAWA  CANADA 

'Z:2.  

I 
ＱＧＭＮＺｦＭＮｌ｟ｾｬＩＱＮＮａＮｑＮＮＮＮ  \((: ll:""-l\C?'..

I  24 ｾＮ\0 
I  ｾｏ  C:..)O (0 ICC  /  I' 

% 
/',c.. _ 

ｾ  I  I 
I 

'26i  
I 

i 
I ,  

80RING  BY:  t/i''ii'','':''L DATE:  ｾ ｯ  - ..... 72..  

PLOTTED  BY:  t...QL  DATe:  

c.HECKeD  BY  ;  DATE: 

l,!'



SOIL TEST SUMMARY - I  17  

HOLE  NO.  ]>1  LOCATION 

.  ELEVATION  OF  GROUND  SURFACE 

METHOD  OF  ADVANCING  HOLE 

REMARK S: 

2, S- " '.1' SＮ ｟ Ｚ ｄ ｟ ｉ ｾ ｾ ｬ Ｍ ,_-=-=---C--C-,-4---"'''--'-+---.,-----+---+--+---+--+---__t---'-r-'----Ir...:...-
2..  ｾ  s - 4.0 

3 40  4. ｾ  o o  '2..7Cc. ' 

4  4.<;; <;.0  I 

5.0  ｾＬ  S ..... ｾ  .. ｾ  Ｍ ｾ  il  Iiii 

__"'_  S",.;·  "-'.0 

__--.ll "'.0 -b .S 

8  I,  ＢｾＭＷＮＰ  

__......:..'1_' 7.0 - 7,S 

10  i, 

lr...  ｾ  11.<:)  12.6  2.5.0! 

2..,74.  125·7 i10'5"-1 II ｾ ｾ  "  I \ cz. Go. ｾ  I'l. P. 5,  4.2.. i 5 ｾ  ｾ｟ＭＬＭｯ __ Ｍ Ｋ Ｍ Ｍ Ｂ ］ Ｇ ［ Ｂ Ｇ Ｚ Ｂ Ｇ Ｍ Ｇ Ｍ Ｋ Ｍ Ｇ Ｍ Ｍ ｾ Ｍ Ｋ Ｍ ｾ ｾ ｾ ｾ ｾ  

I ' , 'I]' 1'2..€>- ｜ｾＮ｣Ｎ  ｩＭＢＲｓＮ［ＮＭＮＭＮＭＭＭＮＭＭＭｾ  __+;--+--_+--+_-__t-_ _r--t--_ 

"i  Ｌ ｟ Ｇ ｾ Ｎ Ｌ Ｎ ｟ ｊ Ｎ Ｒ Ｌ Ｎ ｟ ｾ Ｎ ｾ ｾ Ｎ Ｍ Ｎ
I  I  • I

16 ; ｉｾＮｩ｣Ｍ 14-.5" i  2.'3.5': : ' I 

120.4 ｾｂＮｬ  ,i  .Ie  "  .J '2."2.  :2.. i  __ＺｦＭＭＭ｟ＭＭＫＭＭＭｴＭＭＭＫＭＭＭＫＮＺＮＮ［ＺＺＺＺＮＮＺＮＮＺＺ［ｾ］ＮＺＺＮｹＮＭＮＭＭ.. ; T I  .  

\9   14.'5 - \"'.8  Ｑ Ｎ ｾ Ｎ ｣ Ｎ Ｌ  l.. _+_+.----, 
'. - , f 't-

1'1 I'  119.1. ｱｴＮＮｾＧ  
Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｇ Ｍ Ｇ ｾ Ｍ Ｌ ｾ  ',, _. ＧＲｾＮＧＮＱＮ  ＬｾＬ  r 

"\;q'.''j ｾｾＮ･Ａ  19 I  ..  24..<" I i  11 --.' 
BORING  BY,.  ｍｶｲｾＱＭ DATE:  Ｂ Ａ ｉ ｯ Ｍ ｾ Ｍ Ｗ ｚ Ｎ  SOIL  MECHANICS  \,..A80RATORY' 

ｾ ｉ ｖ ｉ ｓ ｉ ｏ ｎ  OF  BUILDING  I'tSlAKH 

NATIONAL  RESEARCH COUNCIL 'I 

TESTING  BY:  ｋｖｾ｡Ｎｌ  /OP'v./ DATE; 4-<. h""L 
 DATE; -I  CHECKED: OTTAWA CAMAeA 

-- it. , .. ＭＭＭｴＭＭＭＭＫＭＭＭｉｾ］Ｋ｟ＡＮＺＭＺＮＮＮｌＮＮＮＮｩ｟ＭＭＭ



SOIL  TEST  SUMMARY   I  18  l40LE  N.Oo .DI 

'5A",Pl.£ M/C PlA'>I'ClTY ｇ ｑ ｾ ｉ Ｂ Ｂ Ｂ  ':>IZ'-;: - h, i  ＧｓｾＧｉ  ＰＸＭ＾Ｌ＾ＬＭＬＮｹＭＭＫｙｦｾ
DEPTH

f..!oo ｑｉＮＮｾ  we.. / PT  Cl.A.Y  ')Il-, I ')AI.JPc:5t'i\vaJ  6Q..,w·1  \3\JLI(. pgy\-T. 

...D I  20 Ib.8  ｜ＱＮＧｾ  

21 17.')   ie .') 

21  .' 
i   z.z, 18,9   2.D.a 

Ｒ Ｎ ｾ  20.0- 2.o.e 

24 2.0.8 - 1..1.'5 

2.':> 2\.';  2.";.0 

'2.(" 2:'.0 - z4.0 

+.+tt. 

I 

----1._---_....-- - .. 
- .......--+--------- ---- -._-

++ -

_., ._-_ ..... --

I 
BORING  BY:  Mvpll..L...  DATE:  Ｓ Ｐ Ｍ ｾ Ｍ Ｑ Ｗ Ｎ Ｎ   

TESTING BY:MV;'>I1.l./0Pw  DATE:  4' h1
i  • 

CHECKED:  DATE: -

SOIL MECHANICS  LABORATORY 
DIVISION OF BUILDING RESEARCH 
NATIONAL RESEARCH COUNCIL 
OTTAWA CANADA 
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PROJEC.T: ｜ Ｑ Ｇ Ｍ Ｑ Ｌ Ｌ Ｂ ｕ ｌ ａ ｜ ｾ ［ ［ Ｇ ［ Ｂ  QaA.'>::> SITE: ｖ ｜ ｴ ＾ ｃ ｾ Ｂ Ｍ ｯ ｊ Ｎ ｚ ｬ ｬ Ｚ ］ Ｚ  \-\WI'- INU'IIl"'- DATE: 

HOLE NO, ):>1 A  ｌｏｃＮａｔｉｏｾＺ  2..7  L. ot <tc;rA,  Ｂ Ｓ ｾ Ｔ  Ｋ ｾ Ｔ Ｎ ｯ  DEPTH: 9.::>' 

ELEVATION OF GROUND SURf'ACE (ZERO DEPTH): e.:, .... P  ;wQ.1'="A.,C.c..  

METHOD OF ADVANCING HOLE:  

,REMARKS: 

_..:....:....:.----=----=-=.----=:....:.::..:..:..:.::.._....:...-.....L--=.:::..:......:...:.::=..:.:..::........:===-_ 

_______ ］ Ｇ Ｍ Ｇ Ｍ Ｍ Ｍ Ｂ ｣ Ｎ Ｎ Ｎ ＾ Ｎ Ｎ Ｚ Ｚ Ｚ Ｚ Ｎ Ｎ Ｎ Ｚ Ｎ Ｚ Ｚ Ｚ Ｚ Ｎ ｟ Ｍ Ｍ Ｇ Ｍ Ｂ ｟ Ｎ Ｎ Ｎ Ｎ ｉ Ｎ Ｎ Ｎ Ｍ Ｍ Ｍ ］ Ｚ Ｎ Ｚ Ｎ Ｎ Ｎ Ｎ ＾ Ｎ ｾ  _ 

ｾｾ

0,..-



-
:51'40'''-' 

ＱＭＧ｜ｾＧＵ  * ｰｾ  

4-  I ｜ Ｏ Ｒ Ｎ ｩ ｬ Ｂ Ｇ Ｇ Ｇ ｗ ｌ ｊ Ｇ ｾ  i He 02.\'Z."' 

ｾｎｾｾ  To '/8" 
.-Q.'I .. -r.. ＬＭｾ  

:.0 - So rio IC£ 

10 

DATE: 

DATE: 

DATE: 

I BORING  BY:  I'\vPRL.. 

PLOTTED BY: fl1lC-

CHECKED BY 

i  ...\...  Ic,£ 

1> IC. .E 

1-

Ｂ Ｂ Ｓ ｯ Ｍ ｾ Ｍ Ｗ Ｒ Ｎ Ｎ  SOIL MECHANICS LABORATORY 
DIVISION OF BUILDING RESEARCH 
NATIONAL RESEA RCH COUNCI L 
OTTAWA CANADA 

I 
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SOIL TEST SUMMARY I  20  

ifo()LENO.  DIA  LOCATION  ｚ Ｎ ｉ Ｇ ｌ Ｎ ｯ ｾ Ｍ ｴ Ｍ Ｂ Ｂ ｵ Ｎ Ｎ Ｎ ﾷ Ｓ ｣ Ｉ Ｔ Ｋ ｱ Ｔ  DEPTH  Ｙ Ｎ ｾ Ｇ  

I ELEVATION  OF  GROUND  SURFACE  (zero  depth)  l<oA.O Ｌ ［ ［ ｵ ｾ ｉ Ｂ ａ ｃ ｇ Ｚ  

METHOD  OF  ADVANCING  HOLE  FAIL' ..... .s DRILL   4"-1 GA.S I••Q.CT<L Ｇ ｂ ｾ ｕ Ｎ Ｈ ［ Ｚ ｌ Ｎ Ｎ  

REMARK S; 

bIii:P"TH 

ｾ Ｎ  

2.0 - 2..8 

: -2.. 2.6 - ｾＮＱ  

• ＭﾷｾＮＳＮＷＭＴＮＲ

DIAl 

1-----1 
L   4- I  Ｔ｟ＮｬＮ｟Ｍ｟ＴＭ｟ＮＬＢＧＭＭＭＭ］ＧＭＢＭＧＭＧｾＭＭＭＭＭＭＫＭＭＭ｟ＫＭＭＫ｟Ｍ｟ＫＭＭＫＭＭＭＫ｟ＭＭＭＫＭＭＫＭﾭ

-5 4.1 - 5.7 

-5 " 

4-'5' ! 0 ' 0 

1'2..8; 

ＭＭＭＭｾＭＭＭＭＭＬＭ｟Ｎ｟ .._ -
,----....-._-------....,...__. .. ｟ｾ  . 

.j 

i 

I
)

l-: +-
Ｍ Ｍ Ｍ ｉ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ ｾ Ｍ ｾ ﾷ ｾ ﾷ .... ;  ＭＭｾＭＬ    ----I----t-:i-
r   ,., j--- ---

ｾ ｏ Ｍ ｾ Ｍ Ｗ ｺ Ｎ Ｎ ＮBORING  BY:  MVPK,L  DA TE: 

TESTING BY:MYPQ.L !pP\A..I  DATE:  4-<0 hz..
• 

CHECKED:  DATE:-

SOIL  MECHANICS  LABORATORY 
DIVISION  OF  BUILDING  RESEARCH 
NATIONAL  RESEARCH  COUNel L 
OTTAWA  CANADA 
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HOLE NO, .:DZ  LOCATION: 1.0'  L.c{ ｾ Ｍ Ｌ Ｂ Ｂ ｔ Ｂ Ｂ Ｇ Ｎ  ,?ee,  T\7.7  DEPTH: "?;'\.2.' 

ELEVATION OF GROUND SURf'ACE (ZERO DEPTH): k'c"l:>  Ｂ Ｕ ｵ ｉ ｈ Ｂ Ｂ Ｌ ｣ ｾ  

REMARKS: ______ Ｎ Ｎ Ｎ Ｚ ［ Ｎ ［ Ｚ Ｎ Ｌ Ｎ Ｎ Ｎ Ｚ Ｎ Ｎ Ｚ Ｎ ［ Ｚ Ｎ Ｎ Ｎ Ｚ Ｎ ］ ］ Ｍ Ｍ Ｍ Ｚ Ｚ Ｎ ］ Ｎ Ｎ Ｎ ［ Ｚ Ｚ Ｎ Ｎ Ｎ ｬ Ｍ Ｍ Ｍ Ｍ ］ ｾ ］ ｟  _ 

- ｾ ..."'t:>"t"\ '12."-1'." .c"" L .........｜Ｇ＼Ｎｾ  

I   CO 1- ,," 

ｾ Ｍ ｾ Ｌ ｾ Ｚ  
Mo-:,...,:, 

t 
r-. ...... ｲＮ＾ｾＮ｜Ｍ le,,- ＧＭＧ｣ＮﾷＮｾｾ  '0 i.e." 
@. 2"· ,," 

$--\0 ﾷ Ｏ ｾ  ILl! 

I 

I 
I  ,,·...:,;,,'AL Ko"z" ...... L l-"-,,,I,,,,> 

ｾ  ｾａＮｪｬＢＮｊｴＺｯｏｍ  'UC ..... ｖＧＺＮｬｃｾ｜  \0 1'1 @. 

｜ｉｾｾｬＮ  _ :'0-4..0 7D ｬｃｾ  

I 
I 

z 
i'-

ｾ ｦ  
-

t-.. i 
｜ｏｾＭ I 

ｾ  -( 
ｾ  . 

I 

i 

<:::.rt'C.-·j C l,A'/E'( -:. ....H)·( '5"".J 
1.-),,\0\ ｾ ｾ ｾ Ｂ ｾ ｉ Ｎ Ｎ Ｎ  Ｈ Ｎ Ｌ Ｎ ｜ ｾ Ｉ  

,",=:1 

I BORING BY: ｖ ｬ ｉ Ｏ ｐ ｾ Ｑ Ｎ Ｎ Ｎ Ｎ  

PLOTTED 8Y: ｾ ｉ ｒ ｣ Ｎ  

CHECKED BY :----

DATE: :1..0 ＭｾＭ［ＧＲＮＮ  

DATE: 
-----

DATE: 

SOIL MECHANICS LABORATORY 
DIVISION OF BUILDING RESEARCH 
NATIONAL RLSEA RCH COUNCI L 

OTTAWA CANADA 

I 
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ｐｾ｣ｯＺＮ｟Ｑ  eIr 2... 

SOIL TEST SUMMARY I - 22 

HOLE NO.  .L2..  LOCATION  

ELEVATION OF GROUND SURFACE  

METHOD OF ADVANCING HOLE  

31.2  I 

REMARK 5: 

BORING BY: MvPIlL  DATE: ｾ ｯ Ｍ Ｚ Ｇ Ｍ Ｗ ｌ  

TESTING BY: ｴＧ｜ＢｾｩＲＮｌ  /opw DATE; 4 <11'2_ 

CHECKED: DATE:--------

+-----
·r· 

ｬ ｾ ｂ Ｎ Ｌ ｓ  .1'l-1-·b: 

I  ! 

I  I 

Ａ｟ＭＭＭｾ  .... "-'-'
J--- -_. ,, , 

I I: -
: I 

ｉＧｾＮｬ  11"::.6I 

ＧＡｉＧｌｾｌＮ｜  ｬｾｾＮ＾ｴｬｾｾ｟  14 
IZ.JJ..---- - .. -

; I 

9 I ID.S  II. <j 

e,: c).'=> - rc .e 

,0 I 1\·9 - I";,.J 
I 

II' 1').7- 14., 

SOIL MECHANICS LABORATORY 
DIVISION OF BUILDING RESEARCH 
NATIONAL RESEARCH COUNCIL 

OTTAWA CANADA 
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SOIL TEST SUMMARY - I  23  HOLE  No·  ,1)-2.. 

GC2.olo.l..... S\"Zb: - 0;., 'SPs:. ｄ Ｘ Ｎ Ｎ ｬ Ｌ Ｌ ｜ Ｍ Ｎ ｹ ｾ ｆ ｾM/CDEPT.... 

FT. Cu.y  ')IlT  .,AIoJP  ｾ ｾ ａ ｖ ｳ ｊ  Ｖ ｾ Ｎ  {3uLK ｄ ｾ ｙ  

Ib 2. - 21 ＧＲＮＴＮｾ  - Lb.L \0.1 t ' 
ＭＭＭｬＭＭＭｾＭＭＭｴＭＭＬＬ［ＭＬ｟Ｎ｟ｾＭ _. I I' 

'2.1 1.(".1.- 27.1 \0.4-

1"2..7  

Ｒｾ  1.7.1"2l1.}  

2.4- 2.'1.  ｾ   ｾ  \.1... 

i
r----t-------t---··----+---I---+----If----I---4---r ----'--< 

, 

f-----t--.--- .-._... 

ＫＭＭＭＭｾＭＭｾＭＭ｟ＫＭＭＮＭＫ｟ＭＭ｟ＫＭ｟ＮＭ ＮＭｾＭＭｩ  

!-__+  Ｍ Ｋ Ｍ ｾ ｟ .._  ＭＭＭＭｾ  _..,0.-

, 

.-----+-----1---+-.----..,. ...  .•.---.. 
I 
I 
I 

1----1---------- 
i 

I 
I, 

. .. ..__ ... 

! 
r--

BORING BY: MvPiZL. DATE: ＿ ｾ ｯ Ｍ Ｂ ｾ Ｍ Ｂ Ｗ Ｂ ｬ Ｎ Ｎ  

TESTING BY: \oJIVPI:(L  It:>Pv.I DATE: A.  ' f;1
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